General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA CR-159555 
PWA-5583-25 



INASA-CR-159555) STUDY OP BIADE ASPECT N79-23085 

RATIO 0>T A CCMPHESSOB FRONT STAGE 
AEfiODYNAHIC AND MECHANICAL DESIGN REPOST 

(Pratt and Whitney Aircraft Group) 84 p Dnclas 

HC A05/HE A01 CSCL 2TE G3/07 20888 


STUDY OF BLADE ASPECT RATIO ON A COMPRESSOR FRONT STAGE 
AERODYNAMIC AND IffiCHANICAL 
DESIGN REPORT 


by 

G.D. Burger, D.Lee, and D.W.Snow 


UNITED TECHNOLOGIES CORPORATION 
Pratt & Whitney Aircraft Group 
Commercial Products Division 


NATIONAL 


Prepared for 

AERONAUTICS AND SPACE ADMINISTRATION 


NASA-Lewis Research Center 
Contract NAS3-20809 



TABLE OF CONTENTS 


Section Title Page 

I . SUI'IMARY 1 

II. INTRODUCTION 2 

III. AERODYNAMIC DESIGN 2 

A. Flowpath and Vector Diagram Design 2 

B. Rotor Blade Design 5 

C. Stator Vane Design 7 

IV. STRUCTURAL AND VIBRATION ANALYSIS 8 

A. Introduction 8 

B. Blade Resonance Tuning 9 

C. Vane Resonance Tuning 9 

D. Rotor Blade and Stator Vane Flutter 10 

E. Rotor Blade and Disk Steady Stresses 10 

F. Rig Critical Speed 12 

G. Probe Analysis 13 

APPENDICES 35 

A. Flowfield Calculation Precedure 35 

B. Loss System 37 

C. Aerodynamic Summary 39 

D. Airfoil Geometry on Conical Surfaces 45 

E. Manufacturing Coordinates for 49 

Section Normal to Stacking Line 

F. Symbols and Definitions 65 

REFERENCES 71 

DISTRIBUTION LIST 73 


111 



LIST OF ILLUSTRATIONS 


Figure Title Page 

1 Flowpath of Low Aspect Ratio Front Stage Rig 14 

2 Inlet Guide Vane Exit Angle 15 

3 Rotor and Stator Inlet and Exit Mach Numbers 16 

4 Rotor Loss Coefficient Versus Span 17 

5 Stator Loss Coefficient Versus Span 17 

6 Inlet and IGV Total Pressure Loss Versus Span 18 

7 Rotor and Stator Diffusion Factor at Design and Near 19 

Stall 

8 Compressor Stage Flowpath 20 

9 Meridional Velocity Profiles at Rotor and Stator 

Inlet and Exit 21 

10 Design Air Angle Distributions for Rotor (Relative) 

and Stator (Absolute) 22 

11 Multiple-Circular-Arc Airf^^il Definitions and 

Cascade Relationships 23 

12 Rotor Total Chord Versus Span 24 

13 Ratio of Front Chord to Total Chord for Rotor 24 

14 Rotor Thickness to Chord Ratio Versus Span 25 

15 Rotor Incidence Versus Span 25 

16 Rotor Deviation Versus Span 26 

17 Rotor Inlet and Exit Metal Angle Versus Span 27 

18 Stator Incidence Versus Span 28 

19 Stator Deviation Versus Span 29 

20 Stator Inlet and Exit Metal Angles Versus Span 30 


IV 



LIST OP ILLUSTRATIONS (Cont'd) 


Figure 

Title 

Page 

21 

Blade-Disk Frequency Analysis 

31 

22 

Stator Vane Vibration Analysis 

32 

23 

Modified Goodman Diagram 

33 

24 

Probe Analysis 

34 


V 



LIST OF TABLES 


Table Title Page 

1 Design Parameters 3 

2 Aerodynamic Design Annulus Blockages 4 

3 Rotor Blade Flutter Analysis 10 

4 Static Blade Stresses 11 

5 Critical Speed Analysis (Rotor Modes) 12 

6 Rotor Airfoil Aerodynamic Summary Print 40 

7 Stator Airfoil Aerodynamic Summary Print 42 

8 Rotor Blade Geometry on Conical Surfaces 46 

9 Stator Vane Geometry on Conical Surfaces 47 

10 Rotor Airfoil Manufacturing Coordinates for Sections 50 

Normal to Stacking Line 

11 Stator Airfoil Manufacturing Coordinates for Sections 57 

Normal to Stacking Line 


VI 



STUDY OF BLADE ASPECT RATIO ON A COMPRESSOR FRONT STAGE 


AERODYNAMIC AND MECHANICAL 
DESIGN REPORT 


G, D. Burger, D. Lee and D. W. Snow 
Pratt & Whitney Aircraft Group 


I. SUMMARY 

A low aspect ratio , single-stage compressor was designed to be repre- 
sentative of the first stage of an advanced multistage high pressure 
compressor (HPC). The purpose of the program is to demonstrate that 
low aspect ratio blading in an HPC front stage can provide high 
loading levels at high tip speeds with acceptable efficiency le\^els. 
This report presents the details of the aerodynamic and mechanical 
design of a low aspect ratio rotor and stator to meet these goals. 

Design parameters were chosen to be typical of an advanced HPC front 
stage and to be compatible with existing rig hardware which accurately 
simulates engine conditions. This hardware includes an offset inlet 
transition duct that incorporates a preswirl vane simulating fan 
stator root or low-pressure compressor exit flow, engine type interme- 
diate case struts, and a variable stagger inlet guide vane (IGV). 

The design pressure ratio is 1.8 at an adiabatic efficiency of 88,5 
percent. The design flow per unit annulus area at the rotor inlet is 
195.3 kg/sec/m^ (40.0 Ibm/sec/ft^) at the design tip speed of 
442,0 m/sec (1450 ft/sec). The hub/tip ratio is 0.597 with a tip 
diameter of 0.691 m (27.2 in.) and a rotor aspect ratio of 1.3. 

The high tip speed and inlet specific flow of the rotor were required 
to achieve the stage pressure ratio of 1.8, which is agressive but 
representative of front stages of advanced core compressors. Stator 
exit specific flow and absolute air angle were chosen to be realistic 
values to match downstream HPC stages. The axial spacing between the 
IGV, rotor, and stator is sufficient to allow for radial and circum- 
ferential probe traversing. 

Because the rotor inlet relative Mach number range is 0.97 to 1.32 
from root to tip, the rotor was designed with multiple-circular-arc 
(MCA) blade sections typical of fan design practice. Stator vane 
sections were also designed as MCA sections, approaching double 
circular arc (DCA) sections toward the outer portion of the span. The 
stator inlet absolute Mach number range is 0.88 to 0.69 from root to 
tip. The reaction level of the stage was set at 0.71 to ensure that 
the stator inlet absolute Mach number remains below 0.9. Both rotor 
and stator losses were estimated using a combination of fan and HPC 
experience. 



II. INTRODUCTION 


Future commercial aircraft powerplants, in order to reduce fuel 
consumption, will require compressors with higher pressure ratios and 
efficiencies than currently in use. This implies the use of higher tip 
speeds and higher stage loading levels (that is, higher stage pressure 
rise). Research on advanced compressor stages has shown that the use 
of relatively low aspect ratio blading can provide high levels of 
loading while maintaining high efficiency and adequate stability 
margin- NASA sponsored programs have provided design background data 
on low aspect ratio compressors with hub-tip ratios and tip speeds 
typical of middle and rear stages of high pressure compressors, but a 
gap in design data exists for low aspect ratio front stages. 

The tip speeds required for a highly loaded front stage result in 
transonic and supersonic relative Mach numbers into the rotor, a 
condition similar to that encountered in fans. The design of highly 
loaded, high aspect ratio blading for the transonic/supersonic regime 
has been explored extensively and successfully under various NASA fan 
contracts (References 1, 2, and 3). This program will make use of the 
fan experience in the design of the low aspect ratio front stage. Test 
results will determine whether these fan design concepts are applic- 
able to high pressure compressor (HPC) front stages. 

III. AERODYNAMIC DESIGN 
A. FLOWPATH AND VELOCITY VECTOR DIAGRAM DESIGN 

The compressor flowpath was designed to utilize an existing inlet case 
and exit duct from a Pratt & Whitney Aircraft high pressure compressor 
research vehicle. This hardware includes inlet prerotation vanes to 
simulate a fan stator or low pressure compressor exit stator, interme- 
diate case support struts, and variable inlet guide vanes (IGV) 
situated in a curved duct typical of an engine intermediate case 
(Figure 1). Contract requirements established the rotor inlet hub-tip 
ratio, rotor tip speed, inlet specific flow, pressure ratio, and 
approximate blade and vane aspect ratios, as listed in Table 1. 

The flowpath design evolved from these requiements through a series of 
iterations using the axisymmetric streamline analysis outlined in 
Appendix A. The iterations were started using an assumed flowpath 
shape, estimated flow blockages, and estimated efficiency profiles. 
Rotor and stator blade sections were generated using assumed rotor and 
stator solidities and calculated flow conditions and velocity vectors. 
Adjustments were made to the flowpath shape and blade solidities to 
control velocities and loadings. Efficiencies were reestimated using 
the modified flowpath and aerodynamics. Blade sections were defined 
after each iteration to determine the blade leading and trailing edge 
locations to be use in the calculation. 
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TABLE 1 


DESIGN PARAMETERS 


Corrected Speed, rpm 

Rotor Tip Speed, m/sec (ft/sec) 

Corrected Flow, kg/sec (ibm/sec) 

Corrected Weight Flow Per Unit Annulus Area, 
kg/m^-sec ( Ibm/ft^-sec) 

Rotor Pressure Ratio 
Stage Pressure Ratio 
Rotor Adiabatic Efficiency, % 

Stage Adiabatic Efficiency, % 

Tip Diameter, meters (inches) 
rtub/Tip Ratio at Rotor Inlet 
Rotor Tip Solidity 
Rotor Aspect Ratio* 

Stator Hub Solidity 
Stator Aspect Ratio* 

Stator Average Exit Flow Angle, degrees 
Number of Rotor Blades 
Number of Stator Vanes 


12210 

442.0 (1450) 
47.28 (104.24) 
195.3 (40.0) 

1.845 

1.805 

92.1 

88.5 

0.6901 (27.2) 
0.597 
1.26 
1.30 
1.426 
1.42 

16.0 
24 
30 


*Aspect Ratio = average-airfoil-Iength/midspan-chord 


Flowpath convergence and the incorporation of sufficient axial spacing 
between the existing IGV and the new rotor for instrumentation estab- 
lished the rotor inlet hub and tip diameters of 0.412 meter (16.24 
in.) and 0.691 meter (27.2 in.), respectively, resulting in an inlet 
hub-tip ratio of 0.597. 


With the required rotor tip speed of 442.0 m/sec (1450 ft/sec), the 
design speed corrected to standard inlet conditions is 12,210 rpm. 
Specific flow at the rotor inlet was set at 195.3 kg/m^-sec (40 
Ibm/sec-ft^) consistent with advanced HPC front stage technology. 
This yields an inlet corrected flow of 47.28 kg/sec (104.24 Ibm/sec) 
to the rotor and 46.53 kg/sec (102,6 Ibm/sec) into the rig inlet, 
assuming previously demonstrated losses with the same inlet case 
hardware . 


Flowpath convergence and wall curvatures were chosen to control blade 
and wall loadings as well as to provide compatibility with typical 
downstream HPC stages. The average stage exit axial Mach number is 
0.55 with an average exit angle of 16 degrees, which is representative 
of exit conditions of typical advanced technology HPC front stages, 
Mach number levels and blade loading balance were a result of reaction 
selection as controlled by the IGV exit angle. Figure 2. A relatively 
high reaction level of 0.71 was chosen in order to keep stator inlet 
Mach number levels below 0.9 across the span. The resultant rotor 
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loadings are within experience levels. Inlet and exit Mach number 
profiles for the rotor and stator are shown in Figure 3. 

Rotor losses were estimated by using a fan correlation of total loss 
versus relative inlet Mach number. Endwall losses related to the rotor 
work coefficient were added to this two-dimensional loss. Stator 
losses were calculated using a correlation of loss parameter versus 
diffusion factor and percent span. An endwall loss increment similar 
to that used for the rotor was added to this level. Figure 4 and 
Figure 5 show the final rotor and stator loss coefficient radial 
distributions. Details of the rotor and stator loss system are found 
in Appendix B. 

Blockages were included in the aerodynamic design to account for 
boundary layer growth along casing walls as well as airfoil wakes. 
Data taken from tests with similar intermediate case configurations 
were used to estimate the rotor inlet blockage, accounting for wakes 
from both the support struts and IGV. The blockage distribution 
through the compressor was estimated from data obtained from front 
stages of Pratt & Whitney Aircraft HPC research vehicles and is 
summarized in Table 2. 


TABLE 2 


AERODYNAMIC DESIGN ANNULUS BLOCKAGES 


Location 


Endwall Block age , % 


Rotor L. E. 6,8 
Rotor T. E. 5.8 
Stator L. E. 4.9 
Stator T. E. 4.9 


The inlet duct loss, including the prerotation vane (PRV) and support 
struts, was taken from test results of a similar configuration. The 
IGV losses were estimated from Pratt & Whitney Aircraft's cascade 
system for 400 series airfoils. The total inlet pressure loss relative 
to the plenum is shown in Figure 6. 

The surge margin requirement for the first stage of a typical high 
pressure ratio core compressor is approximately seven percent, 
utilizing the NASA surge margin definition (S.M. = FFg/FFg^ x 
WgL/Wg). Stall margin for this stage was estimated with two 
different methods. The first method uses a Pratt & Whitney Aircraft 
correlation of static pressure rise loading parameter at surge based 
on mean line air triangles, and predicts a NASA surge margin of 10.5 
percent. The second method for estimating surge margin uses the 
streamline program to predict diffusion factors at off-design flow 
conditions at design speed. Fan test data were used to correlate rotor 
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tip D-factor versus aspect ratio to which these offdesign levels were 
compared. The second method predicts a nine percent NASA surge margin 
for this stage. Figure 7 shows the spanwise rotor and stator D-factors 
at design and nine percent surge margin level. Thus, the selected 
design will meet the seven percenct surge margin requirement for the 
first stage of a multi-stage core compressor. 

The final flowpath design is shown in detail in Figure 8, The large 
spacing between rotor and stator is necessary for instrumentation and 
is not representative of typical HPC first stage spacing. As a result, 
the stator inlet Mach number is higher than for a closely spaced 
stator. Figure 9 shows the rotor and stator inlet and exit meridional 
velocity profiles. The relative and absolute air angles to which the 
blades and vanes were designed are shown in Figure 10. 

A complete summary of the design velocity vector data calculated along 
streamlines at the rotor and stator leading and trailing edges is 
tabulated in Appendix C, Table 6 and Table 7, 

B, ROTOR BLADE DESIGN 

The rotor blade was designed to produce a total pressure ratio of 
1.845 at a tip speed of 441.96 ra/sec (1450 ft/sec). There are 24 
blades with an aspect ratio of 1.3, based on average blade length and 
absol- ute chord length at midspan, with a tip solidity of 1.26. 

Although double circular arc (DCA) airfoils have traditionally been 
used for first stage rotors of high pressure compressors, the rela- 
tively high inlet Mach number for this stage warranted the use of raul- 
tiple-circular-arc (MCA) airfoils, which fan experience has shown to 
have lower losses at these Mach numbers. Thirteen MCA airfoil sections 
were designed on conical surfaces that approximate stream surfaces of 
revolution at 0, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, and 100 

percents of flow. Airfoil sections were defined by specifying total 
and front chord, total and front camber, maximum thickness and its 

location chordwise, and leading and trailing edge radii, as defined by 
Figure 11. 

The ratios of front chord to total chord, front to total camber, and 
location of maximum thickness were varied to achieve the desired 

incidence and critical channel area margin (A/A* min) as established 
from previous MCA fan rotor and stator experience. Since there are 
many combinations of these parameters that would satisfy the same 
incidence and area margin criteria, an additional analysis technique 
was used to ensure an optimized blade shape. A blade channel flowfield 
was calculated using a time-marching finite area (TMFA) procedure 
(described in Reference 4) for streamlines at approximately 20, 50, 

and 80 percent of span, which yielded pressure distributions 
throughout the channel for each blade shape selected. Front chord 
length, front camber level, and maximum thickness location chordwise 
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were selected from iterations that attempted to minimize the shock 
loss calculated by the TMFA program and achieve a smooth diffusion of 
pressure on the blade surfaces. Final incidence and deviation selec- 
tion were also influenced by the TMFA calculations within the con- 
straints of MCA fan design experience. 

The rotor chord at midspan was established from the 1.3 aspect ratio 
requirement. The ratio of tip chord to root chord was set at 1.2 to be 
consistent with the desired solidity at the blade tip (Figure 12). 
These chords also gave acceptable rotor loadings and satisfied 
structural requirements. The ratio of front-chord to total-chord 
(Figure 13) yields a transition point which varies from 85 to 98 
percent of the distance from leading edge to the assumed normal shock 
location on the suction surface, depending on the radius. This 
distribution was the result of an iteration to minimize front camber 
while holding the desired minimum channel flow critical area ratio 
(A/ A* min) and incidence. 

Rotor maximum thickness to chord ratio (t/c) was selected to provide 
mechanical stability while maintaining minimum airflow blockage. The 
radial distribution, shown in Figure 14, resulted from flutter consid- 
erations (see Section IV-B). The thickness ratio is 0.085 at the hub 
and 0.035 at the tip. The chordwise location of maximum thickness 
varies linearly from 55 to 65 percent from root to tip. These 
locations were chosen so that for a given total and front camber and a 
given total and front chord the leading edge wedge angle was the 
minimum possible without creating a cusp-shape in the front portion of 
the blade. This had a desirable effect on pressure distribution as 
calculated by TMFA, Airfoil leading and trailing edge radii were 
chosen to provide mechanical integrity. 

Incidence angles for all supersonic inlet sections were chosen at a 
location termed the a' point, a point on the suction surface halfway 
between the leading edge and the point from which a Mach wave emanates 
that meets the leading edge of the adjacent blade. This incidence, 
together with the entrance region and channel area considerations, 
determines the leading edge incidence. For most sections the a' 
incidence was set at approximately 1.5 degrees, based on fan experi- 
ence. This incidence angle is intended to account for blockage at the 
blade leading edge, development of the suction surface boundary layer, 
and bow-wave loss. Near the tip, this a* incidence was reduced to 
about 1.0 degree in order to improve the pressure distribution 
predicted from the TMFA program. 

For sections near the root where the inlet Mach number was only 
slightly greater than 1.0, higher values of incidence to the a* point 
were required to provide adequate flow area while maintaining a smooth 
distribution of leading edge incidence. Streamline 1 has a suction 
surface incidence of -5 degrees, which fairs smoothly with the rest of 
the span and is consistent with hub sections of similar HPC rotors. 
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The resulting spanwise distribution of suction surface^ mean camber 
line, and a' incidence is shown in Figure 15. 

Deviation angles from 20 to 80 percent of span were calculated using 
Carter's rule plus adjustments based on fan and HPC rotor data. In the 
endwall regions of 0 to 20 percent and 80 to 100 percent spans, extra 
deviation was added. Figure 16 shows the resulting design deviation 
versus span for the rotor. The rotor inlet and exit metal angles 
resulting from the incidence and deviation selection are shown in 
Figure 17. The ratio of front camber to total camber was chosen to 
, TO vide a minimum channel flow critical area ratio of approximately 
1.03 for most of the span. In the outer 15 percent span the area was 
larger in order to keep front camber from becoming negative. These 
margins above choke have been shoxfli to give good performance for many 
fans including References 1 through 3, 

Rotor geometry on design conical surfaces is summarized in Appendix D, 
Table 8. For manufacturing purposes, the airfoil sections were 
redefined on planes normal to the stacking line, a radial line though 
the center of gravity of the root conical section. The resultant blade 
coordinates are presented in Appendix £, Table 10. 

C. STATOR VANE DESIGN 

The stator row has 30 vanes with multiple~circular-arc (MCA) airfoil 
sections designed on conical surfaces approximating stream surfaces of 
revolution. The airfoil shape approaches a doubXe-circular-arc (DCA) 
near the lower Mach number tip region. 

The vanes have a constant chord of 0.68 meters (2.68 in.), which 
yields solidities of 1.426, 1.176, and 1.0 respectively at root, mean, 
and tip. Aspect ratio is 1.42 based on average length and actual chord 
and 1.57 based on average length and axially projected chord at the 
hub. Front chord was selected slightly forward of the first covered 
section for the standard MCA root sections fairing to half of total 
chord at 80 percent span. 

Maximum thickness-to-chord ratio was set to vary linearly from 0.05 at 
the hub to 0.07 at the tip to provide low losses while being adequate 
for mechanical integrity. The chordwise location of maximum thickness 
varied linearly from 60 percent chord at. the hub to 50 percent at the 
tip. This minimized the leading edge wedge angle for the high Mach 
number hub sections while at the tip it was similar that of a DCA. 
Leading and trailing edge radii were set constant at 0,0002 meters 
(0.008 in.). 

Incidence angle was set at -3.3 degrees to the suction surface at 20 
percent span based on minimum loss data for similar MCA stators and 
influenced by the pressure patterns from the TMFA program. At 80 
percent span where the DCA shape is approached, incidence to the mean 
camber line was set at -6.1 degrees. This incidence is halfway between 
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minimum loss incidence and the incidence where choking effects cause a 
noticeable rise in losses. This selection is consistent with HPC 
stator design practice in order to ensure adequate surge margin. In 
the endwall regions from 0 to 20 percent and 80 to 100 percent spans, 
local overcarabers in inlet metal angle, relative to the values that 
would be calculated without a boundary layer effect, were 
incorporated. The resulting spanwise incidence selection is shown in 
Figure 18. 

Deviation angles in the 20 to 80 percent core region were based on 
Pratt & Whitney Aircraft's cascade system modified by correction 
factors from the results of tests of similar stators. At 80 percent 
span the DCA cascade prediction was used without corrections while in 
the high Mach number sections near the root, an MCA airfoil cascade 
system was used as a base for corrections. An extra deviation was 
added in the endwall regions in order to allow for the boundary layer 
induced falloff in exit air angle. Figure 19 shows the stator devia- 
tion, and Figure 20 shows the spanwise inlet and exit metal angle 
distribution resulting from the incidence and deviation selection. 

Front camber was used to control the throat area of the channel 
between blades. The desired throat area ratio, A/ A* min, of approxi- 
mately 1,05 was established by a correlation of data from Reference 5. 

A complete summary of stator geometry on conical surfaces is presented 
in Appendix D, Table 9. For manufacturing purposes, the airfoil 
sections were redefined on planes normal to the stacking line. In 
order to obtain a straight leading edge projection to allow for ease 
in button design, the manufacturing sections have their centers of 
gravities offset from the stacking line, except at the very hub where 
the radial stacking line emanates. The resultant airfoil coordinates 
are presented in Appendix E, Table 11. 

IV. STRUCTURAL AND VIBRATION ANALYSIS 


A. INTRODUCTION 

The structural and vibration analysis of the blading involved tuning 
the blade and vane geometries to avoid undesirable resonant condi- 
tions, stability calculations to ensure stable, flutter-free operation 
of blades and vanes, and steady stress analysis to satisfy overspeed 
and low cycle fatigue criteria. Additionally, a rotor frame critical 
spoed analysis was performed to investigate the vibrational character- 
istics of the entire rig assembly. 

The final rig design is capable of operating to 110 percent of design 
speed (13,431 rpm) with no anticipated structural limitations. Strain 
gages will be placed on the blades and vanes, and accelerometers on 
the cases to ensure rig safety. 
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B, BLADE RESONANCE TUNING 


Coupled blade-disk resonances that may be excited in the operating 
range are of major importance in the design of a compressor stage. 
Circumferential and radial distortion exist in the inlet airstream and 
normally contain strong components of first through fourth order 
harmonics. The airfoil hub/tip ratio, aspect ratio as well as spanwise 
thickness distribution have been adjusted such that natural modes of 
the system do not occur at frequencies close to one, two, or three 
(lE, 2E, or 3E) excitations per revolution during high speed operation. 

Additionally, for stages behind major support structures, such as the 
nine inlet struts immediately upstream of the rotor stage, strut 
passing and twice strut passing frequency can be encountered in the 
first four coupled spanwise modes of vibration. Another major source 
of excitation can be caused by the vanes immediately upstream (inlet 
guide vane) or downstream (stator) of the stage as well as from 

periodic obstructions in the flowpath such as instrumentation probes. 

Results of a bladed disk frequency analysis are shown in Figure 21 
with frequency predictions for spanwise modes of vibration shorn by 
solid lines. Tip chordwise bending frequencies (dashed lines in Figure 
21) were calculated using the finite element system NASTRAN, with 
prestress effects included. As can be seen, a first mode (easy 
bending) 2E frequency margin of 24 percent exists at redline speed 

(13,431 rpm) and a 3E 1st mode resonance is predicted to occur at 9500 

rpm. Second and third mode (coupled stiff bending and first torsion 

modes, respectively) frequencies are sufficiently high to avoid low 
order excitation and low enough to avoid vane or strut passing 
excitation at high speed. Mode six (second easy spanwise bending mode) 
is predicted to have an 18E excitation (twice strut passing frequency) 
at 10,200 rpm. No significant vibratory stress is expected in the 
first four spanwise modes of vibration. Vane passing and probe excited 
resonant conditions occur low in the operating range and are not 
expected to be a concern. 

C, VANE RESONANCE TUNING 

Both the inlet guide vane and exit stators of the rig are variable. 
Tlie stator vane frequencies have been calculated assuming that the 
vanes are pinned at the I.D. and O.D, bushings. Modeling of the 
circular end caps, extensions and activating arms was included to 
accurately predict resonant frequencies. The stator was designed so 
that the first mode frequency Is sufficiently high to avoid low order 
(2E and 3E) or blade passing (24E) resonance at high speed. 

The inlet guide vane is structurally very similar to a configuration 
that has been previously run to 12,000 rpm. No excessive vibratory 
stress was observed in previous testing. Analysis indicates the first 
mode frequency is 28 percent greater than the 2E excitation frequency 
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at redline speed. A 3E first mode resonance is calculated to occur at 
11,500 rpm. 

Analysis of the stator indicates the first mode frequency is five 
percent greater than the 3E excitation frequency at 110 percent of 
design speed (13,431 rpm) and is acceptable (Figure 22). A 4E first 
mode resonance is calculated to occur at 10,570 rpm. No blade passing 
resonances are expected above 8000 rpm in the first four vibratory 
modes . 

D. ROTOR BLADE AND STATOR VANE FLUTTER 

A supersonic unstalled flutter analysis was performed on the blade at 
110 percent of the aerodynamic design point (13,431 rpm) in order to 
ensure that flutter will not be a problem during operation of the rig. 
The minimum log decrement (a measure of the aerodynamic damping in the 
system) for each of the first three vibration modes is shown in Table 
3. 


TABLE 3 


ROTOR BLADE FLUTTER ANALYSIS 




Min. Log 

Excitation 

Allowable Log 


Mode 

Decrement 

Order 

Decrement 

Forward Wave 

1 

0.01974 

2E 

>0 


2 

0.01658 

2E 

>0.002 


3 

0.00979 

4E 

>0 

Backward Wave 

1 

0 . 00609 

2E 



2 

0.00'=^J2 

5E 

>0.002 


3 

0.00070 

6E 

>0 


Speed = 13,431 rpm (110% of design speed) 

Each of these values is above the minimum allovjable log decrement, and 
the design is acceptable. 

The stator vane bending flutter and torsional flutter parameters were 
calculated for both the inlet and exit stators. The calculated values 
fall well within the range of successful experience. 

E. ROTOR BLADE AND DISK STEADY STRESS 

Blade root stresses were minimized by circumferentially tilting the 
airfoil 0,889 mm (0.035 in.) at the tip to counteract the blade 
pressure loading. Combined centrifugal, untwist, gas bending, and 
counteracting tilt stresses have been calculated at 13,431 rpm. 
Predicted airfoil root stresses are shown in Table 4 together with the 
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allowable stresses for AMS 4928 titanium alloy at 366°K (200°F). 

The maximum stress in the airfoil of 226 X 10^ N/m^(32j800 psi) 
occurs near the trailing edge of the airfoil root and is well below 
the allowable stress of 448 x 10^ N/m^ (65,000 psi). 


TABLE 4 

STATIC BLADE STRESSES 


Maximum Allowable 


Blade Root (0.035 Tilt) 


Leading Edge 

215 X 10^ N/m2 
(31,200 psi) 

448 X 10® N/m^ 
(65,000 psi) 

Trailing Edge 

226 X 106 
(32,800 psi) 

488 X 10® N/m2 
(65,000 psi) 

Maximum Thickness 

225 X 10^ N/m^ 
(32,600 psi) 

448 X 10® N/m^ 
(65,000 psi) 

Blade Attachment 

Tension 

199 X 10^ N/m2 
(28,800 psi) 

276 X 10® N/m^ 
(40,000 psi) 

Bearing 

481 X 10^ N/m2 
(69,700 psi) 

448 X 10® N/ra2 
(65,000 psi) 

Bending 

217 X 10^ N/m2 
(31,400 psi) 

276 X 10® N/ra2 
(40,000 psi) 

Shear 

150 X 10^ N/m2 
(21,700 psi) 

275 X 10® N/m2 
(40,000 psi) 


Calculated blade attachment P/A, tooth bending, tooth shear and 
contact surface bearing stress are also compared in Table 4 to stress 
allowables. The limiting stress in the blade attachment is the average 
bearing stress of 481 x 10^ N/m^ (69,700 psi), which exceeds the 
allowable bearing stress by seven percent. The bearing stress limit of 
448 X 10^ N/m^ (65,000 psi) was established to minimize galling on 
the contact surface during long term service use and is not a relevant 
limit for the intended rig testing. Minor broach refinement would be 
required to satisfy the service stress limit. 


11 



A modified Goodman Diagram, Figure 23, indictes that at the maximum 
steady state stress level in the blade root of 226 X 10° 
(32,800 psi) the maximum allowable vibratory stress is 103 X 10° 
N/m^ (15,000 psi). 

Maximum allowable vibratory stress limits for the stator vanes are 
established based upon test experience with similar stator vane and 
attachment design. For the entrance and exit stators, a vibratory 
stress limit of 69 X 10^ N/m^ (10,000 psi) has been established. 

F. RIG CRITICAL SPEED 

The test rig utilizes existing hardware consisting of the rotor drive 
system, bearings, dampers, and primary rotor support structure that 
have been utilized in tests of a Pratt & Whitney Aircraft research fan 
to a speed of 12,400 rpm in the same stand. No linear vibration 
problems were encountered in this running. Inner and outer cases 
downstream of the inlet guide vane stator will be new to this rig. An 
existing inlet case from an advanced compressor is utilized forward of 
the inlet guide vane. 

An existing rotor frame critical speed analysis was modified to 
reflect the new blade, disk, and cases appropriate to this configura- 
tion. Predicted rotor critical speeds and the amount of the total 
strain energy present in the rotor system are shown in Table 5. The 
first mode rotor critical speed at 8065 rpm is essentially a cantile- 
vered rotor and number one bearing support structure mode pivoting 
about the exit strut case. 


TABLE 5 

CRITICAL SPEED ANALYSIS 
ROTOR MODES 


Critical Speed 
_£r£m^ 

8,065 

12,477 

15,274 

Design Speed - 12,210 rpm 

Running Range ~ 6,105 rpm to 


Rotor Strain Energy 

(%) 


10.7 

9.8 

67.1 


13, 431 rpm 


Significant relative motion exists at the number one bearing location, 
and the viscous damper will be effective in suppressing response in 
tiiis mode. The second rotor critical speed of interest is a rotor 
pitch mode about the number two bearing. Again the viscous damper in 
the number one location will be effective in suppressing response in 
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this mode. The third mode, predicted to occur at fifteen percent above 
redline speed, is a fundamental drive shaft and coupling bending mode. 
Little case participation is noted and no relative motion is present 
at the bearings. This mode is sufficiently beyond the intended operat- 
ing speed to be of no concern. 

G. PRO:iE ANALYSIS 

A frequency analysis of the four sets of probes provided by Pratt & 
Whitney Aircraft was made using a simple beam analysis. Each probe was 
assumed to be a cantilevered beam with a weight that included the 
probe itself as well as the kiel heads and the tubing. The results of 
this analysis (Figure 24) show that three of Che probe frequencies are 
well above the 2E excitation frequency at redline speed (13,341 rpra) , 
while the remaining probe has a 26 percent 2E margin at redline speed. 
The difference between the number of inlet guide vanes and blades 
creates a natural 4E excitation for the probe system. As seen in 
Figure 24, 4E resonant conditions are tuned to occur low in speed as 
well as above redline speed. Blade passing resonances (24E) are also 
avoided by tuning the first mode frequencies of each probe. 
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Figure 1 Flowpath of Low Aspect Ratio Front Stage Rig 
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ABSOLUTE MERIDIONAL AIR ANGLE 
DEGREES 



Figure 2 Inlet Guide Vane Exit Air Angle 
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MACH NUMBER 


ROTOR INLET RELATIVE, Mi. 





STATOR INLET ABSOLUTE, M3 


ROTOR EXIT RELATIVE, M2' 


STATOR EXIT ABSOLUTE, M4 — 


% SPAN 


Figure 3 Rotor and Stator Inlet and Exit Mach Numbers 
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STATOR TOTAL LOSS ROTOR TOTAL LOSS 



Figure 4 Rotor Loss Coefficient Versus Span 



Figure 5 Stator Loss Coefficient Versus Span 
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Figure 8 Compressor Stage Flowpath 
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Figure 10 Design Air Angle Distributions for Rotor (Relative) and 
Stator (Absolute) 
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TANGENTIAL DIRECTION 



Figure 11 Multiple-Circular-Arc Airfoil Definitions and Cascade 
Relationships 



CHORD LENGTH, C 

FRONT CHORD/TOTAL CHORD METERS (INCHES) 



Figure 12 Rotor Total Chord Versus Span 



Figure 13 Ratio of Front Chort to Total Chord for Rotor 
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Figure 14 Rotor Thickness to Chord Ratio Versus Span 



Figure 15 Rotor Incidence Versus Span 




ROTOR BLADE METAL ANGLES -- DEGREES 



Figure 17 Rotor Inlet and Exit Metal Angle Versus Span 



STATOR INCIDENCE ^ DEOKEES 




STATOR MERIDIONAL METAL ANGLES -- DEGREES 



30 


FREQUENCY ( x 10^ Hzl 












MODIFIED GOODMAN DIAGRAM 
AMS 4928 at 93°C 


(200OF) 



Figure 23 Modified Goodman Diagram 




APPENDIX A 


FLOW FIELD CALCULATION PROCEDURES 


The aerodynamic flow field calculation used in this design assumes 
axisyrametric flow and uses solutions of continuity, energy, and radial 
equilibrium equations. These equations account for streamline curva- 
ture and radial gradients of enthalpy and entropy but neglect viscous 
terms. Calculations were performed on stations oriented at an angle 
with respect to the axial direction. 



cos ( X - e ) 

dm 


r 


V2 

sin ( X - e ) 

Rc 




Rc 



= streamline radius of curvature 


Enthalpy rise across a rotor for a streamline, tp , is given by the 
Euler relationship; 


%otor = - (UlVsl)'/' 

Weight flow is calculated by the continuity equation: 


\] = 2ttJ 


y_tJ-p 

K 

root 


V, 


m 


sin ( X -e ) 
sinX 


y <3y 


where K is the local blockage factor and y is the length along the 
calculatioi^ station from the centerline to the point of interest. 
Values of K are determined from the continuity equation and experi- 
mentally determined values of an endwall blockage parameter, XK 
defined as; 


XK = 


/ 


W 


tip 

root 


dA 


where PCm is the mass 
average value in the free 
stream flow. 
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APPENDIX B 


LOSS SYSTEM 


ROTOR 

Rotor loss was estimated using a combination of Pratt & Whitney 
Aircraft's raultiple-circular-arc fan loss correlation and high 
pressure compressor rotor experience. The fan system correlates total 
loss (profile plus shock loss) as a function of inlet relative Mach 
number and span. The endwall effects on a fan are included in the 
total loss at spans near the I.D. and O.D. The "core" region part of 
the fan system was used to calculate a base level of total loss for 
the rotor, corresponding to a 2-D type loss obtained from cascade data 
normally used for multi-stage compressor standard airfoil sections. 
Endwall losses were then added to this base level. Figure 4 shows the 
resulting spanwise total loss. 

In the calculation of blade channel critical area ratios (A/ A*), 
profile loss (total minus shock loss) was applied linearly from the 
first covered section to the trailing edge. Tlte shock loss was assumed 
to be from a normal shock situated at the first covered section of the 
blade passage (Figure 11). The Mach number immediately upstream of the 
assumed shock midway between the blades was determined by satisfying 
the continuity and conservation of angular momentum equations, start- 
ing with the leading edge Mach number and air angle from the stream- 
line calculation. This free-stream flow calculation accounted for 
streamtube contraction and radius change. The effect of blade blockage 
was introduced by adjusting the free-stream area ratio, A/A*, by the 
ratio of blade channel width to the width of free-stream (S cog ), 
where S is blade spacing. The resulting A/ A* established the upstream 
shock Mach number. Although the hub streamline had a slightly subsonic 
leading edge Mach number, this procedure yielded a supersonic Mach 
number at the first covered section channel entrance. All other 
streamlines had supersonic leading edge Mach numbers which increased 
in magnitude to the first covered section where they were assumed in 
calculating a normal shock loss. 

STATOR 

Stator loss was estimated using a P&WA correlation of total loss 
parameter ( cos /2 ) versus diffusion factor for MCA stators made up 
primarily of data from References 1, 2, 3, and 5. The correlation has 
different values for various span locations which include endwall 
losses; however, only the "core" region level (20 % to 80 % span) was 
used to define a base value across the entire span. A similar endwall 
loss, as was used for the rotor, was added to this base level, 
consistent with designs of HPC standard airfoils. The resulting loss 
curve is shown in Figure 5. 
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APPENDIX C 


AERODYNAMIC SUMMARY 
TABLES 6 AND 7 
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FT/Sft FT/iEC FT/SEC 

3 

6 

7 

9 

9 

lU 

11 

12 

v/ 

Vl 

Vmi 

Vmj; 

Voi 

Met 

Ui Ui vl 

13 

SrftirwiU 

hCi/A: hci/ae 

LHH/SFC itO/SEC 
1 sen 

'N.'Teifi, Ai 

lQ/70 

I^ILET 

Ti/Th, 

PC/PO 

IHLET 

n/ti 

EfF-AD EFF-P 

1NLE1 IMLET 

? X 

'^Sa- 


SUMMARY PRJNT 


v*-2 

m/SEC 

«/SEC 

WE*-Z 

N/SEC 

RKQVM-t 
KC/H2 *:EC 

RHOVn-2 
RC/M2 SEC 

FPSI-I * 
RAft|A*« 

EPS 1-7 hO/PO ’ 
INLET 

vi 

Vix 

Vfi 

PtVnr 

P.V«i 

€l 

€» n/R. 

.1 

men 

DECREE 

DEV 

DECRSf 

•fUHH 

HEGREE 

D FAC CMECA-ft LOSS-F 

total total 

P02< 

FOI 

JEFF-* SEFF-P 

total iptal 

inti 


AJ3' 

D G t«ce»y9i. ■R /Pi 

acY 

T|»<li/i ^Fafi 

V*-2 

FT/SEC 

ve*-i 

F7/5EC 

V#»-2 

FT/SEC 

flHQVH-l 

IBH/FTZSEC 

RHOVM-2 
LflM/f T2SFC 

EMI-l 

trEGi<£E 

EPSl-Z PCT TE 
DEGREE SPAN 

vl 

vix 

v#'i 

PxVjtvj 

PiVni 

€i 

€t 7, stMi 


T02/T01 PO?/P01 EfF-AO EFF^F 
RPTOR RCTDR 
X t 


T,/r, Pi/P, 7?^^ Tir^^ 


SrftirwiU 


4> 
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TABLE 7 

STATOR AIRFOIL AlROUTNAHlC SL'RHARY PRINT 











RUN 

NO 0 

SPEED CODE 

0 POINT NO 0 


SL 

W-1 

V-2 

Wrt-1 

VM-2 

90-1 

ve-2 

RHOVR-l 

HMnVH-2 

PO/PO 

TO/TO 

tEFF-4 

lEPF-P 

EPSI-l 

EPSl-2 


N/SEC 

H/SEC 

H/iEC 

M/iEC 

K/SEL 

M/SEC 

KG2M2 SEC 

KC./M2 SEC 

Inlet 

INLET 

tot-inlet 

TOT-INLET 

RAO UN 

RADIAN 

1 

306 

IBB. 5 

219.7 

1B5.7 

213-6 

32.3 

271,07 

272,40 

1 .6506 

1.2100 

73,29 

75.09 

0.1342 

0.1612 

2 

30B.1 

2C0.B 

222.6 

196,6 

212,9. 

31.7 

273.75 

294,00 

1.69T6 

1.2073 

78.69 

B0.21 

0.1257 

0.1429 

3 

3Q9.t 

269.9 

22<..6 

2C6,0 

213.2 

32.5 

2B 4.59 

310.37 

1.7369 

1.2053 

B3.18 

84.42 

0,1152 

0.1269 

t. 

30B.a 

217. U 

22P.9 

219.0 

216.3 

40.2 

2B3.90 

325.12 

1.7B20 

1.204ft 

07.57 

86.53 

0.0932 

0.0982 

5 

313.7 

21b. 1 

219.2 

212.5 

215.3 

99.2 

279.77 

325.27 

1.7947 

1.2031 

B9.51 

90.34 

0.0607 

0.0715 

6 

29B.6 

217. B 

2-7,9 

210.3 

219.7 

56,5 

274.50 

323. HO 

l.b03I 

1.2524 

90.60 

91.34 

0.0436 

0.0459 

7 

293.9 

^Ib.b 

2U1.1 

207.7 

213.6 

62.2 

269.39 

320.97 

1.107 3 

1.7D2B 

9C.7B 

91.5? 

0.0183 

0,0 209 

B 

266.2 

215-2 

199.5 

206.6 

212.6 

66. b 

263.63 

316.63 

1.P07 2 

1 ,2044 

90.06 

90.85 

-0.0070 

-0 >0039 

9 

262.9 

212-B 

If 7.9 

200,9 

2 :i-9 

70. 2 

256.54 

310.72 

I.H02 7 

1.2074 

SO. 39 

09.30 

-0.032} 

-0,0290 

10 

2 7b ,7 

266,7 

I7U.7 

195,7 

211.2 

72.6 

246,62 

301. [*2 

1.7905 

1.21 12 

B5.71 

86.03 

-0.057L 

-0.0549 

u 

2uB.9 

21 J, 9 

166.3 

166.0 

210.7 

75.9 

230,53 

204.69 

1.7537 

1 . 2 ino 

BO. 69 

02.16 

-0.0627 

-0,0830 

12 

2bl . G 

192.1 

156.9 

175.6 

230. 6 

7fi.(> 

217.54 

267.15 

1.733B 

;.2204 

77,23 

78.91 

-0.0958 

-0.0985 

13 

2‘.R *5 

175.6 

162.3 

137,5 

203. B 

77.6 

197,18 

237,90 

1.6226 

1.2200 

72.B1 

74.71 

-0.1095 

-0.1162 


Si 

tt-: 

8-2 

M-1 

H-2 

INCS 

INCH 

DEV 

TURN 

D-FAC 

OHEGA-H 

LOSS-P 

P02/ 

PO/PO 

10/10 

TEFF-A 

5EFF-P 


ObGKI E 

UE6HFE 



LEORLE 

DECREE 

DECREE 

DEGREE 


total 

TOTmL 

POl 

stage 

STAGE 

TOl-STG 

TOT-STG 

1 

<1*9 2 

9.9 

0.0 7<)& 

0.5170 

-t..B8 

—6.65 

20.52 

34.19 

0.5858 

0,1395 

G.C482 

0 .9448 

1.7SD7 

1.2100 

82.60 

83.91 

2 

43.6 

9.1 

o.^-a6& 

0.5526 

-6.29 

-3.58 

16.75 

34 .47 

0.5548 

0.1 115 

0.03“6 

0.9 554 

1.762S 

1.2073 

84.76 

85.92 

3 

^3, A 

6.9 

0.11424 

C.5791 

— . 92 

-1. 06 

14.22 

34.48 

0.5330 

0.0920 

0,0335 

0.9628 

1.7723 

1.2053 

66.47 

87,51 

4 

■*6*9*^ 

1U.6 


1) 

-2.98 

0.68 

12,75 

33.76 

0,5091 

0.0652 

0.0246 

0.9738 

I.S0C3 

1.2C4B 

89.25 

90.10 

b 


13.0 



-3,22 

0.97 

12.89 

32.07 

0.4«64 

t.0493 

0.C392 

0,9607 

1.810? 

I. 2031 

9C.9 5 

91.67 

6 

L* 

15.0 


O.bCAU 

-3.83 

0.82 

12.70 

3 0,92 

0.4H71 

C.03H6 

0,0154 

0.9IT53 

1.8157 

1.2024 

91.76 

92.42 

7 

-lb. 7 

16.7 

0.0347 

U.60I4 

-b,2B 

-D. I9 

11 .83 

30.07 

0.4H05 

0.0336 

0.0138 

0,9876 

1. 81117 

1 .2028 

91.03 

92.40 

Q 


18.1 

0,0223 

0.54t>b 

-7.23 

-1.76 

11.48 

29.47 

0.4769 

0.0 34 6 

0.0146 

0.9876 

1.8185 

1.2044 

91.10 

91.81 

V 


19.1 

0.1^040 

0*5Bl«b 

-9.61 

-3.79 

11.17 

29.24 

C..4771 

0.04C9 

0-0176 

0.9658 

1.8163 

1.2073 

89.61 

90.44 

IQ 


20.4 

o« /a20 

0.57S7 

-12, 3B 

—6.2 5 

13,78 

29.43 

0.4335 

0.0529 

0.0233 

0.9824 

1.8108 

1.2112 

07.51 

03.50 

11 

>1.7 

22.2 

Q, 

0.5513 

-16.62 

-10.26 

15.13 

29,51 

0,4981 

0.0726 

0.0326 

0 ,9772 

1.8122 

1.2180 

0 

06,08 

12 

•'i.l 

24.0 

V-7jC& 

0.5252 

-1(1.36 

-11.89 

17.95 

29.09 

0.5143 

C.0H77 

0.0194 

0,9738 

1.8028 

1.2203 

83, IB 

04.50 

13 

S^.l 

26.3 


C.477U 

-19. 94 

-13.39 

21.57 

28. BO 

0.5524 

0.1102 

0.C494 

0.969U 

1.7770 

1.2200 

81*09 

82.55 


SL 

v-l 

v-2 

VH-1 

VM-2 


VB-2 

KHDVH-I 

RH0VM-? 

PCT TE 

TO/TO 

«EFF-a 


TtFF-P 

EPSI-1 

EPSl-2 


H/biC 

Fl/siC 

PT/stC 

FT/SlL 

hl/StC 

FI/sec luh/ft2Sec 

LBH/F12SEC 

SPAN 

INLET 

tot-inlet 

tot-inlft 

DEGREE 

OEr-REE 

1 

1075,3 

6l'l ,4 

720.7 

609,3 

700. U 

■ IL(., □ 

55.52 

5 5-79 

o.bono 

1,2100 

73, 2^ 


75.09 

7.687 

9.237 

Z 

1C.11.G 

651.9 

7sQ.9 

640,6 

b'^d *5 

104 , I 

57.09 

60,?1 

0.F627 

1.2073 

■yn*69 


80. 2; 

7.205 

U.109 

3 

1015^9 

60 7. 0 

716,9 

67b .6 

by^,4 

106.6 

5 b. 26 

6 3.57 

0. 1207 

1,2053 

83.18 


84 .42 

6.603 

7.273 


1 JT3.2 

714.5 

T23.1 

T02.2 

7iy,7 

131.9 

SG.14 

66.59 

0.2?B7 

1.2048 

B7-S7 


88.53 

5.339 

5.62b 

S 

996.3 

715.6 

702,7 

697,2 

7 0b* i 

161.4 

57.30 

66.6? 

0.;-3 07 

1.2031 

69. 5i 


9C .34 

3.937 

4.097 

6 

'■'79,5 

714.6 

660,5 

69U.I 

7C *,. 5 

1B5.5 

55.2? 

66.3? 

0.4294 

1.2024 

76.60 


91,34 

2.501 

2,630 

7 

96?. 5 

711.5,' 

659.7 

681.6 

700, y 

204.0 

55.17 

65.74 

0.5257 

1 .2{.2l'i 

9C.78 


91 .52 

1.046 

1.196 

8 

945.6 

756,1 

6j8,J 

67 1. 3 

677.7 

219.0 

5J.99 

64. B5 

0.6701 

1.2044 

90. P6 


90. B5 

-0.402 

-0.226 

9 

9,B,l 

69d .3 

614,9 

659.2 

6V0r2 

2 30.4 

52.54 

63 .64 

0.7132 

1.2074 

00.39 


69.30 

-1,038 

-1.661 

io 

907.7 

664.0 

5c6 ,2 

642. 1 

673.1 

230.1 

50.51 

61.82 

0 .8059 

1.2112 

85,71 


86.83 

-3 . 273 

-3. 148 

ll 

000.6 

659,3 

5.5.6 

61 0 .4 

671 .2 

249.2 

47.21 

58.3* 

0,1999 

1.2180 

8Q.69 


82.16 

-4.736 

-4,7 58 

12 

tj;6 .3 

630.3 

3 ’4. 7 

576.1 

684.3 

255,9 

44.55 

54.71 

O,V404 

1.2204 

77.23 


70.51 

-5,488 

-5.643 

13 

a 15.5 

5 7b .0 

46 7.0 

516.7 

668 *b 

254.7 

40.38 

4n,72 

1 .COOO 

1.22CO 

72.81 


74.71 

-6,276 

-6,656 
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To/To PO/PO 
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EFF-P 
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inlet 

K.-LEl 
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stage 


stage stage stage 
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K!,/SEC 



X 

X 






X 
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1.2 075 1.7752 85,92 

87.00 


1.2075 
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1 

«80<y5 eo* 

50 09.40 
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SrATOt ATRI^QIi A£RDDYNAnrC St/HNARY PAmt 


v-l 

■VSiC 
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H/StC 

V«-2 
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•9-1 

ll/SEC 

VA-2 

K/SEC 
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v» 

v+ 

Vmi 

V-4 

Voi 

V*4 

p^V«» 


B 

V 

10 

11 

1? 

13 


RHDYh-2 
KG/M2 SEC 

PO/PO 

iNtET 

TO/TO 

INLET 

XEEP-A 

tqt-inlet 

XEFF-P 

TOT-IHLFT 

EPSl-1 

AAOtUI 

EPSl-i 

RAOIAH 

?4V«* 


T4A- 



ei 

£* 


I 


5L «-l «“1 f*“Z 

1 

2 

3 

A 

5 

‘ ySj /3* Ms M* 

B 

9 

10 

11 

12 

13 


IKCS 

retSFE 

iNCn 

QElREE 
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DEGREE 

TU»H 

D£(>RFE 

6-fAC 

Or^GA^ 
TOT At 

LDSS-P 

TUlAt 

P02/ 

POI 

FO/FO 

STr&E 

TO/TO 

staoe 

SEFF-* 

TOT-STC 

TEFP-P 
TOT -Sir, 



c 

k/3 

T) 

W 

asr 


P 4 /P 1 

T*/n 

TliJtA 



t, Vrt-1 W-2 Ve-1 VM flHOVH-l PCT T£ WTO SEFF-A SEPF-P EP5I-1 EP52-2 

FT^SiC ^T/i‘C n/SEC M/StC FT/StC PT/SEC L9»VPT25EC i,B>t/FT2SEC SPAN IMLFT T0T-1«LET TOT-mtT DEOkEE DECREE 

1 
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3 / 

4 


V, 

7 

P 

9 

Vi 

Vrh» 

Vm« 

Vot 

Vs4 



ZsM4^ T4/r« 



£» 

10 

11 

It 

13 

NDI*RR 

»4uRH 

KtORK 

TO/70 

PB/FO 

EFF-AO 

Eff-p 

TO/TO 

PO?/Pfll 

PO/PO EFF-AO 

EFF-P 


inlet 

ixiFr 

I«LET 

INLFT 

INLET 

IhLfcT 

stage 


STAGE STAGE 

STAGE 


h»*h 

lan/SEC 

M./ S£C 



S 




C 

t 

A«r» 6 rv 

w/Vfe,p 



T4/r:. 

P 4 /P- 


Vr.i„ 

T-/n 

P 4 /P, 

^i/Pi 



APPENDIX D 


AIRFOIL GEOMETRY ON CONICAL SURFACES 
TABLES G AND 9 


LOCUS OF TRAILING EDGE 



MERIDIONAL VIEW AND POLAR REPRESENTATION OF BLADE MEAN-CAMBER-LINE 
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TABLE y 

Rote^ Blade Ccoaetfv on ContCAl SurfjteBa 


DlAn«c*r 

Dlaacear 

X Spaa 

C 

c 

LEB 

TER 

iS,* 


IS 

Irtcha# 

TE 

Iflchea 

LE 

t»che* 

ineb«9 

lnch«» 

IneliB* 

d«3feB« 

degree! 

16,24 

16, « 

0 

3.676 

1.530 

.0114 

,01092 

54.006 

-4.200 

17.01 

17,47 

7,0 

3,720 

1.607 

,0106 

,01025 

50.476 

-3,300 

17.71 

l?.90 

13,4 

3,775 

1.677 

,0099 

.00961 

4S.90O 

B,345 

IB. 99 

18,97 

25,2 

3,361 

1.B20 

,0091 

,00903 

48,559 

14,599 

20.19 

19,92 

36,0 

3,941 

L9BB 

.oa90 

,009M 

49.291 

20,725 

21-11 

2D,B6 

46.3 

4.016 

2.143 

.0090 

•• 

50,635 

26.311 

22,3? 

21.79 

56,0 

4.087 

2,262 

,DQ90 


52,218 

31-400 

31.39 

27. ?1 

65,3 

4.136 

2.445 

.0090 

•• 

53.667 

36,225 

2'*, >7 

2 3,b2 

74.2 

4,221 

2.6D6 

,0090 


55,023 

40,784 

15..U 

34.54 

83.9 

4,285 

2.700 

.0090 


56,607 

45.200 

l<j.25 

• ■ 

9L.4 

4.34R 

2.943 

.0090 

" 

58.797 

4Q.9S9 

3B.72 

7f> »•' 

95.7 

4.3J9 

3,010 

,0090 


60.700 

50.726 

2J.19 

■»- 

ICC.O 

4-4U 

3-UO 

,0090 


62.352 

52.521 



jLTBter 


c 

c, 

LEH 

TER 

'’j* 

raditna 

0j* 

rdaiena 

Lt 

V.< u rA 

>ie4 ere 


eerera 

tnetfiT* 

Eiecet* 

cetera 

.4125 

.4300 

0 

.0934 

,0389 

■ODD39 

.00028 

.9426 

*,0733 

.4JZI 

v437 

7.0 

,0947 

,0408 

,00027 

.00026 

.0810 

-.0576 

. V4'.'B 

. »567 

15.4 

,0959 

.0426 

,00025 

.00024 

.0535 

,£436 

.•(..<23 

4913 

25.2 

.0901 

,0462 

.00023 

.00023 

.8475 

,2548 

.5118 

^nlJ 

36,0 

.1003 

,0505 

.00023 

-00023 

.8603 

,361b 

.3413 


46.3 

,1020 

,0544 

,00021 


,0037 

.4592 

. 5^92 

. jj !i5 

56.0 

,1030 

.0500 

i« 

II 

.9114 

,3430 

.59-1 


65,3 

,1056 

.0621 

1. 

.. 

.9167 

,6322 

.ul'tO 

.5991 

74. 2 

,1072 

.0662 

If 

*r 

.9603 

,7M8 

.•'4?9 

,6215 

82,9 

*1080 

,0 706 

■> 

.. 

,9094 

,7809 

.6>Su0 

,6474 

91,4 

.1104 

,0740 



1,0262 

.8550 


.6604 

95.7 

.1113 

.0767 



1,0507 

,085) 

.6inft 

.6746 

JOO.O 

.1120 

.0790 



1,0079 

.9167 


V.4, 

defireea 

degree! 

aegrees 

degreCB 

£ 

degreee 

e/c 

SULK 

LiKaclen 
t/C PBN Cl C] 

■/c 


13.06 

36. B7 

16.10 

0.1S3 

1.332 

,0650 

55.0 

.544 

1.6934 

12,76 

46,27 

11.45 

4.096 

,909 

.0031 

35.7 

,551 

1.6519 

12.3? 

40.01 

10,63 

2,433 

.546 

- .0813 

56.3 

,552 

1.6157 

11.72 

34,02 

9.00 

-.263 

-.061 

,0701 

57.5 

,565 

1.5538 

11,40 

29.16 

7.73 

-2.436 

-,595 

.0750 

38.6 

.593 

1.5012 

10,57 

2S-4i 

6,53 

-4-252 

-1.082 

.0689 

39,6 

.599 

1,4551 

9.73 

22.34 

5,44 

-5,708 

-1,520 

,0631 

60.6 

.615 

1.4(42 

9.13 

19,35 

4.37 

-7.102 

-1,912 

.0573 

61,5 

,637 

;.3776 

3,53 

16,49 

3.21 

-0,235 

-2,251 

.0517 

62,4 

,662 

1.3443 

7.63 

14.01 

2,12 

-9.063 

-2.524 

.0463 

63.3 

.690 

1.3135 

6.57 

U.50 

1,34 

-9-536 

-2.6^7 

,0409 

64,1 

,716 

1.7S*.4 

6,03 

12.15 

,98 

-9-M9 

-2.676 

.0380 

64.6 

.720 

1,2697 

5.46 

11,32 

-67 

-B.736 

-2.509 

,0350 

65.00 

♦743 

1,2543 


W*A, 

00 


Z 

t 

radians 

redisne 

ra&lens 

cedltne 

redlans 


.2179 

.9926 

,2461 

,1074 

*0232 

.2227 

,8076 

,1993 

.0715 

,0159 

,2159 

,6903 

,ias2 

.0425 

.0095 

. 2046 

-5938 

,1571 

-.0046 

-.OOU 

,1990 

.5089 

.1349 

-.0425 

-.0104 

.1043 

,4415 

. U40 

-.0742 

-.0109 

.1698 

.3899 

,0949 

-.1010 

-.0265 

,1593 

.3177 

.0763 

-.1240 

-.0534 

,1409 

,20 78 

,0562 

'.1438 

*,0393 

.1332 

.2445 

,0370 

-.1582 

-.0441 

.1147 

.7182 

.0234 

-.1664 

-.0469 

.1052 

.2121 

,0171 

-.1644 

-.0467 

.0953 

.2150 

.0117 

-.1523 

‘,0430 



PASS lb 


TABLE 9 







Stator V±fla Ce^otBetry on Conical Sugf^cca 


Dla»«teT 

Oiftaecer 

% Spen 

G 

C- 

188 

TER 

/s* 


W.A. 

08 

fl. 

’c 


TZ 

LE 

Inchee 

L-ncRee 

Incha* 

Inches 

degrees 

degrees 

degrees 

degrees 

de^eee 

deareee 

InebBS 

Inches 












17.53 

IB. 35 

0 

2,63 

1.255 

.003 

.003 

50,7 

-10,66 

4*97 

€0,23 

20.98 

9.69 

IB.Dl 

1B.79 

5.S 


1.258 



47.15 

- 7.61 

S.69 

53.70 

17,76 

9.32 

18.47 

19.20 

11.4 


1.262 



45.30 

- 5.25 

€.33 

49.S6 

15,83 

8,77 

1?.34 

19.95 

21.9 


1.272 



43.68 

- 2.12 

7.49 

44.96 

IJ.OO 

7.36 

20.18 

20.65 

32.1 


1.282 



44.08 

.11 

8.52 

43.31 

12,36 

5.76 

21.G0 

21.33 

42.0 


1.291 



45.06 

2.26 

9.48 

42,29 

12.88 

4.10 

21.80 

21.99 

51.7 


1,299 



46.00 

4,77 

10.37 

41,74 

14. QO 

2.41 

22.59 

22.64 

61,2 


1.307 



49,16 

6.53 

11.19 

42.35 

16,03 

.69 

23.37 

23.29 

70,7 


1,315 



52.14 

a. OB 

11.94 

44.19 

18.29 

-1.07 

24.16 

Z3.93 

80.2 


1,322 



55.85 

S.65 

12.64 

47.56 

20.60 

-2.90 

24. S6 

24.59 

89.9 


1.331 



61,95 

7,16 

13.30 

55.39 

24.50 

-4.87 

25.39 

24.94 

95.0 


1.335 



€5.05 

6,10 

13,43 

59,70 

26.61 

-5,90 

25.B0 

25.32 

lOD.O 


1.340 



68.45 

4,70 

13.66 

64,56 

28,98 

-6,31 

Dldccter 

Dtcniecer 


C 

c. 

L8R 

TEK 

jB* 

A* 

W,A. 


fl 


LE 

TZ 


Bncere 

Decirj 

tacteci 

peters 

red leas 

refllene 

redlene 

redlan* 

reOSiinB 

redleaa 

HrftrrB 

Nece» 












.4453 

.4661 

0 

.0681 

.0319 

.00020 

,00020 

.6843 

-.1861 

.0867 

1,0512 

.3662 

.1691 

.4575 

.4773 

5.8 


.0320 



.0229 

-.1328 

.0993 

.9372 

.3100 

.1627 

.4691 

.4877 

11.4 


.0321 



.7906 

-.0916 

.1105 

.8650 

.2763 

.1531 

.4912 

.5067 

21,9 


.0323 



.7624 

-.0370 

,1307 

.7847 

.2269 

.1285 

.5176 

,5245 

32.1 


.0326 



.7693 

.0019 

-1487 

,7539 

.2157 

.1005 

.5334 

.5418 

42.0 


.0326 



.7864 

,0393 

.1655 

.7381 

.2246 

-0716 

.5537 

.5505 

51.7 


.0330 



.8166 

.0933 

.IBLQ 

.7285 

.2443 

.0421 

.5738 

,5751 

61.2 


.0332 



.8560 

.1140 

,1953 

.7426 

.2798 

.QUO 

.5936 

.5916 

70,7 


,0334 



.9100 

.1410 

.2034 

.7713 

.3192 

-.0187 

.6137 

.6078 

80.2 


.0336 



,9748 

.1510 

.2206 

.8301 

.3595 

-.0506 

. 6340 

,6246 

69.9 


.0336 



1.0BI2 

,1253 

.2304 

.9667 

.4276 

-.0850 

.6449 

.6335 

95.0 


.0339 



1.1353 

.1065 

.2347 

1.0420 

.4644 

-.1030 

.6553 

.6431 

100.0 


.0340 



1.1947 

.0620 

• 2388 

1.1260 

.5054 

-.1101 




S 

desrees 

t/c 

QMX 

tacaCion 
c/c aix (S C) 

«/c 

1.13 

.050 

60.0 

.338 

1.06 

.051 

39.4 

.545 

,99 

.052 

58,9 

.549 

.64 

♦054 

57.8 

*559 

.66 

.056 

56.8 

,562 

,47 

.058 

55.8 

.559 

.28 

.060 

54,6 

.552 

•08 

.062 

53.9 

.540 

-.13 

.064 

52.9 

.526 

-.36 

.066 

52.0 

.522 

-.61 

.068 

51-0 

.SIB 

-•75 

.069 

50.5 

.516 

-.80 

,070 

50.0 

.514 


B 

rjtdlKRi 


»0197 
.0185 
• 0173 
.01<i7 
.0115 
.0082 
.0049 
,0014 
‘.0023 
-.0063 
-.0106 
-.0131 
-.0140 


1.426 

1.39D0 

1.3581 

1.3022 

t.2531 

1.2089 

UI6BS 

1.I3I4 

1.0969 

1.0643 

1.0327 

l.OtO'* 

1,0010 


4>* 

'sj 


APPENDIX E 


AIRFOIL MANUFACTURING COORDINATES FOR 
SECTIONS NORMAL TO STACKING LINE 

TABLES 10 AND 11 


AIRFOIL SECTION ON PLANE 
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TABLE 10 

ROTOR AIRFOIL MANUFACTURING COORDINATES 


HTTEfis Inches 


zc 

V(» 

VS 

ZC 

YP 

YS 

0.0 

-0.1CC3 

0,0003 

D.O 

-0,0100 

0,0114 

C * O^iti 

-(..1002 

C.OOO./ 

O.OICI 

-0,0071 

0.0169 

C.OC30 

O.O'C* 

O.Ct.19 

0.1176 

C.0236 

0,0749 

0« 

O.tulA 

C.C033 

0.2351 

0,0565 

0.1371 


0.0022 

C.OObO 

0.3527 

0.01186 

0.1963 

C.Ol It 

t.(C30 

0.CO6A 

0.9702 

C.1196 

0.z:‘2V 


L-.Cf*30 

C.Ov70 

0.5E7S 

0,1999 

0.2066 

o. ui 7v 

C*.^b AS 

( .t091 

C.7053 

O.ITfcl 

0.3576 

u. 1*204 

O.EtJbi 

0.tl03 

C.E229 

C.2C55 

C.905* 

0.02J<? 

C-w.SV 

C.t.llA 

C. 7905 

0.2316 

0.9507 


(>,*.; 0*5 

O.C 123 

1.03S0 

0*2562 

0.9*>28 

( .024*/ 

0.0^71 

0.013S 

1.1756 

0.27 97, 

0.5320 


C,LV7e> 

0.( 199 

1,2931 

0.3010 

0.5665 

CjtVjluJ 

O.t.'jaZ 

C .0133 

1.9107 

0,3211 

0.6016 

c .oJte 

C -( r cJb 

C.C'ib'j 

1 .5202 

0.3391 

0.630* 

C.OAlB 

O.CU*/U 

(..C!*6 

1.6958 

0.3593 

0.6591 

rj .0‘t‘in 

0 . ) .‘93 

0.0171 

1.7639 

0.3661 

0.6716 

C-uaVi) 

o.c:vs 

0.01 7 a 

J-6609 

0,37 99 

0.6033 

C* . l« 

0.uC-9C3 

0.0175 

l.vvtfS 

0.3791 

0.6693 

0 . C*^ 3 7 

C .i u97 

O-olTS 

2.1160 

0.3(101 

0.’6e*>5 

t • £r:?ti7 

0.‘.‘39* 

O.Ol74 

2.2336 

0.3774 ' 

0.6038 

4.1.S4V 

0 »\>u9A 

0.0171 

2.3511 

0,3710 

0.6722 

0.-Ji-27 

0.:--*ir2 

C.0166 

2.9*67 

0,3*07 

0.6595 

0.0&B7 

o.c.:ae 

0 .0 1 oO 

2. 5663 

0.34*9 

0.6309 

0.0*37 

t. , (,(.■(! 3 

0,01 52 

• 2 -7 63 3 

0,3279 

0.‘j997 

0.0/ _ 7 

u. 1.077 

0.CIA3 

2.6219 

0,3099 

t . 56 19 

0.C74J, 

0 .0(1 70 

C.f 131 

2.9369 

0,2773 

0,5164 

*■/■ U77 * 

0.1>,*2 

C.C117 

3.6565 

0.2446 

0.962 5 

O.Ob'J* 

0.i> '^Z 

C .0101 

3.1790 

0.2066 

0.3V91 

C.ifti J6 

C.OSAl 

C * 0 w 0 3 

3,2916 

0.1627 

0.3250 

O.udbb 

0.V02S- 

0.0061 

3,9091 

Oell22 

0.23. 2 

O.Ofj*/* 

0 .00 lA 

0.0035 

3.5267 

0,0595 

0.1360 

0.cy23 

-Aj.tfOO t 

O.OCiJ* 

3.6352 

-C.0C59 

C.P240 

0.i>42* 

-0.tt03 

D.0',04 

3.6993 

-0.0109 

0.0140 

KAOIOS IMOTEkS) 

a 0,2103 

HAPIUS 

(INCHES! a 0.2708 

CflOKD (HctfSb) 

= O.OVZti 

CHuHO 

(INCHES) 

1 

ZCiU (HtrthM 

a 0.0AU7 

2CSL 

IINCHES) 

■' 1.V1&7 

tCsi. (Htrei'.st 

= C.01C5 

rcsL 

awCHtSl = 0.9 139 

Rt.E (MElCJibJ 

aO. 000260 

KLe 

(JMCHCSI 

- O.oilo 

ATE thcTU.Sf 

=0.:00295 

hTt 

(INCHtSi 

1 C 0.0116 

A-AHtAtSOrUnSRS) 

a0.OoO513 

A-AREA 

(SC*. IN.) 

= 0.7997 


C-^-bVK eAMKA-ChOKni(DSt;«»t 27,70 



HETERS 



INCHES 


ZC 

YP 

YS 

ZC 

YP 

YS 

0.0 

-0.C002 

0.0003 

0,0 

-0,0092 

0.0102 

0.0002 

— 0.0u02 

C.6009 

0.C097 

-0.0072 

0.0146 

0.003C 

o.or.;4 

O.C016 

0.1199 

C.o‘l*3 

P,C64C 

0.0161 

0.0010 

0.0629 

<1.2390 

C.0911 

0.11*1 

0.0091 

0.5'. la 

0.0042 

0.3597 

0.0699 

0.1657 

0.&1I2 

6.CC22 

0,0659 

6.4796 

0,0676 

C.2UV 

O.iil 52 

t'.T'OZP 

0.6665 

0.5995 

0.1092 

0.25 5 

O.OiOi 

0.6633 

C. 1-676 

6.719* 

0-1290 

0,2996 

C.0.-*13 

C ,0(i3u 

c.o;b6 

P.839J 

0.1993 

0.3395 

6 * 02 99 

0.6043 

0.0694 

0.9592 

0.1*76 

0,37*8 

0. 3279 

6..':47 

0.0105 

1.0790 

0.1890 

O.f ' 16 

0.7.3 *.3 

0.CG51 

0.01 13 

1.1909 

0.2008 

0 # 9-1 9 □ 

0*03 35 

O,t055 

0,0120 

>.'3108 

0.2156 

0,9738 

0 . v*3*5 

6.1 !.50 

0.0U7 

1.93»7 

0.22*/3 

C.5C17 

0.6396 

0.0(,61 

0.0134 

1 .5566 

C,2418 

0.526* 

9.0i26 

0,906't 

C.UIA9 

J.67S5 

0.2524 

C.5971 

0.3967 

o.f .06 6 

0.0193 

l.'f.9U4 

0.2*07 

0,' 27 

0.2967 

0.0560 

0.C196 

1.9163 

C * 2 6*4 


C .Ob 1 L- 

O. 1.6 68 

0.6147 

2.<*3,*2 

0 .2*95 

0.5701 

0, OA 98 

C .0069 

0,6147 

2.15'*1 

C.2699 

0. 5779 

0.( 579 

( .CI'oO 

0.ri45 

2.2740 

0.2* 79 

r!,.-.25 

6.0669 

0.6967 

0.019 3 

2. j*i79 

0,2*22 

C.5:i 18 

0.264J 

0 .J (nS 

0,6139 

2.5170 

0.2590 .0.5*(57 

C.06V„ 

0.6062 

0.0133 

2.6377 

0.2929 

p.52 '.U 

0,0706 

<>,<058 

0.0126 

2.75/6 

0.2267 

0.9965 

o . X, ! J 1 

6 .01*59 

0.6 1 ID 

2.67/5 

0.2115 

0.9630 

C .07*1 

6.0099 

0.0107 

2.9979 

0.1909 

0.4231 

0 . O ?®2 

0 .6C92 

0.0096 

3.1172 

0.1671 

C.3763 

C.08i2 

t*.-*.*35 

0.5'<92 

3.2371 

0.1396 

0.3222 

6.C05 J 

0 . C . 2 8 

C .0 '-66 

3.3570 

<;.iC05 

0.2598 

O.Ui?8 3 

C.C019 

<1,6098 

3,9769 

0.0734 

0.1603 

6.99:7. 

0.61.09 

C.C027 

3.5960 

0.6341 

0.1062 

C..{r*;92 

-C .0602 

0.0605 

3.7<!73 

-< .0060 

C.<^]94 

0.J949 

-0.1602 

0.0003 

3.7167 

-0.CC94 

0.0120 

KAGIUS Ch 

ETkRS 1 

= 0.213C 

RAMUS 

IINCHES) 

= 0.6la^ 

CkCAD IHETuhil 

= 0.0944 

CHUttO 

(INCHES! 

= 3.7167 

ZLSL (H 

tf EKS) 

= 0,0997 

ZCSi. 

(InCHESI 

« 1,9577 

TCSu (PtrLHSl 

= 0,6089 

YC5L 

(INC MEE 1 

= 0.3289 

ROE In 

cT cKS 1 

=0.6,0261 

HLe 

(JNChESI 

= 0-01<!3 

K 1 E t H 

ElEbSl 

=0.000277 

RTt 

(INCHESI 

= 0.0109 

A-AKfcA(SP 

.HKTiRS) 

=0.00o5U6 

X-AREA 

ISO. In.) 

f 0,7067 

OaMHA-CKI 40 IRAO.l 

= C.5261 

6A/1HA-CH0R0<DE(J. 

!■= 3C.14 
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TABLE 10 (Continued) 


HSTER3 IKCHES ■ rtETERS INCHES 


zc 

YP 

vs 

zc 

VP 

■ VS 

ZC 

YP 

VS • 

2C 

YP ' 

Y$ 

o.c, 

-0.C002 

0.0002 

0.0 

-0.0088 

0.0095 

0.0 

-0.0002 

(1.0002 

O.o 

-0.0087 

0.0069 

v.ijOOS 

“0 «LCC2 

0 .0003 

C.00V3 

-0,0071 

0.0133 

0.0002 

-0.6002 

0.6U03 

0.0090 

-0.0072 

0.0120 


O.V'‘i^3 

0.0016 

0.1218 

0.0135 

C.0S93 

0.0032 

0 .0662 

0.0013 

0.1278 

0.0083 

D.CS19 


O.t , 0« 

0.LC27 

C.Z7b6 

0.0379 

C.107O 

0.u0b3 

0.66 0b 

0.6027 

0-2795 

0.0272 

0.(931 

(j-'.-ovi 

O.Of lA 

0.00J9 

0.3655 

0.0651 

0.1522 

O.jOVS 

0 .0'' 10 

C.0037 

0.3773 

0.3392 

0.1321 

0 • C 1 Z f 

O.u^lV 

O.OtSj 

0.7o73 

0.3773 

0,1950 

0.0127 

0 .6Ll7 

0.t073 

U.79PC 

0.0532 

C.1689 

V»lrl5S 

O.tO.'I 

O.OObO 

C.bCiVl 

0.0922 

0.2353 

6,0156 

(..Col? 

6.6652 

0.6230 

0 .0667 

0.2035 

C.C'Itie) 

o.oozo 

0.vl>&9 

Cl. 7309 

0.1090 

0.2732 

O.ulvo 

G.6U20 

O.OG60 

0. 79B6 

0.0786 

0.2360 

C.t.£l7 

0.l:i>32 

0.0C7H 

0.6527 

0.127? 

0.3066 

6.6222 

0.6023 

O.t^bfl 

0.8733 

0.C89S 

0.2667 


0.U35 

0.COU7 

0.977S 

0.1391 

0.3716 

0.6257 

0.C025 

0.6675 

0,9981 

0.1001 

0.2977 

0 .Ktifa 

u.:o39 

0 .0096 

1.0967 

0.1527 

0.3722 

0 .0^3 5 

P.''i:'-2B 

O.i'rdZ 

1.1228 

0.1095 

0.3209 


0.0. ‘fi 

O.GICZ 

l.klbZ 

C.1675 

0.7COS 

O.OilV 

O.C .30 

O.t IbU 

1.2776 

0.1160 

0.3751 


O.iL a5 

C.tlOft 

1.3700 

0.1753 

0.7267 

0.0379 

6. <>632 

6. 1693 

1.3727 

0.1255 

0.2672 

o.c-i?: 

c.roA? 

C.Oi .7 

1.7618 

0.1650 

0.7502 

6.03 L6 

0.6037 

0.0693 

1.9971 

0.1321 

0.3P77 

C.C-.Ji' 

0 *0( 79 

C.OJ it 

1 .6636 

C.1935 

0.7713 

6.0712 

0.0635 

C.r.163 

1.62 19 

('.I37b 

C.7D56 

Vfj'ni 

0.1...S1 

C.C1Z7 

1-7C65 

0.2 006 

0.76 96 

0.0777 

0.6C 36 

0.01O7 

1.7766 

0.1927 

0.7227 

C.C*<6t 

0 

r.oiitj . 

1.6273 

0.2050 

0.5033 

6.0775 

0,0637 

0.9111 

1.8717 

0*1763 

0.7356 

fi • 

O.CL.63 

C . 30 

1 .9791 

0.2089 

0.5121 

0,05(7 

O.U038 

0.01 13 

1.9962 

0.1765 

0.7770 

0-C‘-io 

C.CO(53 

C.0J31 

2.t7u9 

0.2100 

0.3160 

6.0509 

0,60 38 

t.( J17 

2.12('9 

0.1790 

0.7793 

if • 7 

0.v.0?3 

<j.U31 

2.1V27 

0.2C89 

0.5151 

O.uyTo 

u.t'036 

0.61,7 

2*2757 

0.1778 

0,'7793 

L.O760 

t.(.06/ 

0.0129 

2.3176 

0.2056 

0,5092 

C.t'hCZ 

0.0337 

0.0113 

2.3707 

0.1750 

0.7777 

C.Lol<> 

0.C051 

Q.C127 

2.7367 

0.2C02 

0.79B7 

0.6537 

0 . 66 3b 

O.OIll 

2.7952 

0.1705 

0.7757 

0.0o!>7 

Cl. to 79 

0.7123 

2.65H2 

0.1926 

0.7P27 

0 .9665 

O.J-37 

0,0107 

2.62(*0 

0.1375 

0.7216 

0*CfuUi 

0 .0u7o 

0.01 17 

2.6600 

0.1S27 

0.7620 

6.3o97 

6. to 32 

0.0102 

2.777? 

0.1269 

0.7032 

(>.u71^ 

0.C073 

t.olU 

2.6016 

0,1707 

0.7360 

0.6729 

0,6030 

0,6097 

2.0695 

0.1177 

0.3801 

C,.-.’7^3» 

Q.ui 7C 

0,0103 

2. 9235 

0.1665 

0,7677 

0.0761 

0.(627 

0.00H9 

2.9972 

0.107C 

0.3522 

(J.077* 

0 

O.COW 

3.C755 

0.1700 

0.3679 

0.0792 

0 .0027 

0,0081 

3.1190 

0.0978 

C,3!97 

O-Odb'i 

O.uyJl 

0.0003 

3.1673 

0.1212 

0.3253 

0.6l;27 

0.CU21 

0.6U72 

3.2730 

0.0812 

0.2815 

C>0£l^> 

O.C32S 

0.CC70 

3.2891 

O.IOOO 

0.2765 

6.0656 

0 .•3>5 17 

0.0''8l 

3.3635 

O.Obbl 

0.2385 

0 I ffcb 

O.oOlV 

O.oO 6b 

3.7109 

0.0765 

0.2211 

O.ObkZ 

0.6113 

0.0078 

3.7933 

0.0797 

0.1900 

O.C'tv? 

O.CO L3 

Cf .0C7U 

3.5327 

0.0567 

0.1567 

6.0919 

O.06CB 

0,6637 

3.6ieo 

0.03IB 

0.1357 

O.G72«^ 

C.C'fOO 

C.Ct.23 

3 .63 76 

0.0223 

O.CG86 

(■.7951 

0 . 6vi63 

C-.COlv 

3.7>,2B 

0.0127 

0.C755 


-C.00 02 

0.(007 

3.7677 

-C.OCbl 

0.0160 

C.096C 

-o.tloa 

(‘.0603 

3.8580 

-C.0C62 

C-0I3T 

0*0769 

-o.tJcOi 

Cl .0u03 

3.7767 

-O.CC83 

0.0102 

6. 6982 

-0.6,02 

0.6602 

5.6676 

-O.OC76 

C.6C90 

tChOlUb IHtTcRSJ 

« 0.22bb 

RaOIUS 

tlNCHESl 

e 8.9212 

RAUlUS (HtTERSI 

•I 0.2711 

RADIUS 

(INCHES) = 9.7916 

CHUSO |l1tTtrtS> 

» 0.C;9S9 

ChURO 

(INChESi 

A 3.7767 

CntlKD (MtTtKS) 

El 0.0902 

CHUKO 

(INCHES) 

= 3.8676 

iOSL tM 

iiTtKS) 

e 0.0606 

ZeSL 

IINCHES) 

* 1.9917 

ZC5L (HtTtRS) 

■ 0.0520 

ZeSL 

(INCHES! 

*= 2.0772 

vest. (K 

tUhS> 

= (1,0072 

YtSL 

( INCHES! 

= C.2827 

vest IMEItuS! 

= 0.0059 

rest 

(INCHES] 

1 = 0.2323 

!tlt IH 

sTeas) 

=O.tit0277 

RLb 

(INCHES! 

= 0.OC97 

ate (H 

tTtRS 1 

=0.060235 

HU 

((NChES) 

' » 0.0C93 

Ri e 1 f, 

• TthSl 

=0.0:G262 

KTE 

( INCHES 1 

= 0,0099 

Ktt- (HbTlHS! 

=0,CC0236 

R!6 

(INCHES! 

( « 0.0C93 

X-AtieAtSO 

.mTtrtS) 

=0.000606 

3-AREA 

(St. IN.! 

* C.7623 

A-ARfR(Sy 

.(llTsRSI 

=0.000503 

X-AREA 

(SO. IN.I 

1 t 0.760Z 

G A KHA-C MOtt 0 UiftO . 1 

= c»65ei 

GawMA-CHCRDIOEC. 

)= 31 .93 

yc.'HA-t'lt'KntKAO.) 

= C'.6l6fl 

6Ahha-chckd(o,';. 

,)= 35.37 
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TABLE 10 (Continued) 



METeftS 



INCHES 



METERS 



INCHES 


zc 

VP 

VS 

ZC 

VP 

VS 

ZC 

YP 

VS 

ZC 

YP _ 

VS 

0.0 

-O.fiuOZ 

0.0002 

0.0 

-0.0086 

0.0088 

0,0 

-0 .0002 

0,0002 

G.0 

-4.0064 

0.0087 

0.0CC2 

-0,0002 

0.UU03 

0.0091 

-0.0076 

0.0114 

0,0002 

-0.0002 

0.6003 

0.0092 

-0.0079 

0.0109 

C.CCJZ 

o.l'cni 

O.Ct'lZ 

0.1274 

0.0029 

0.0457 

0,0043 

-O.OtiCO 

C.OOlO 

0.1298 

-P.3013 

0.0399 

ti.o:c>5 

O.ooOZ 

O.C-OZl 

0.2548 

0.013S 

o.osto 

O.UC'66 

O.OCOl 

0.0016 

0.2595 

0.0054 

0.0697 


0 .6 >06 

0.0029 

0.3022 

D.023S 

0.1143 

0.0099 

0 ..V-03 . 

0.0625 

5.3692 

0.DU5 

0.C978 

zv 

O.OCOO 

0.0037 

0-5C96 

0.0327 

C.1458 

0.01 52 

0 .0004 

6.0042 

0.5190 

0.0172 

0.1243 

C.Ul bZ 

Cl. 0010 

0.009S 

0.6370 

0.0412 

0.1753 

0.0165 

0.0006 

0,0036 

0.6487 

0,0224 

0.1491 

C.ulviv 

<i . Oo .2 

0.0052 

0.7b44 

0,0491 

0.2029 

0. OlVU 

b.t(>07 

C.0C44 

C.7785 

0.0271 

0,1723 

0.'i?Z7 

0.C019 

O.CtrSe 

O.K9lfT 

0.0562 

0.2287 

0-0231 

O.SC-08 

0.03-49 

C'.‘>082 

0.0314 

0.1939 

C.UZ59 

0.0016 

G.u069 

1.0192 

C.0627 

0.2526 

0. Ll26<r 

0.0139 

0.0:>54 

1.C3U0 

0.0353 

(I.214C 

0.0^91 

o.Li: 17 

O.'; -70 

1.1466 

0.3686 

0.2746 

0.O297 

0 .3 <10 

0.30 59 

1.1677 

0.0398 

0.2325 

c.!ur<. 

0.0019 

u .o 075 

1.2749 

C.0738 

0.2951 

0.0430 

0.0311 

0.0C03 

1.2975 

0.04J9 

0.2495 

0« L3bb 

O.C020 

U.COtiO 

1.4013 

0.0704 

0.3136 

0 . 03 53 

0.1 ull 

CiOLb? 

1,42/2 

0.0447 

0,2650 


O.C021 

0.( 064 

1,5207 

0.0824 

0.3306 ' 

C . UJ93 

0 .40 12 

0.1-071 

1.5570 

0.0471 

0.2/91 

0.0*121 

O.Oi 22 

O.COOd 

1.6561 

O.ObS 9 

0.3459 

C.C426 

0.U-I3 

C .0074 

1 .6867 

0.0493 

0.2918 

0. 0^ bb 

C.i.^23 

0.0091 

1.7035 

C.C8B8 

0.5595 

0.0461 

b.COli 

0.0o77 

1.6165 

0.0512 

0.3031 

O.JtoS 

o.o; 23 

0.1094 

1,910? 

0.0913 

0.3717 

0.3494 

0 .( .»!3 

0.-3083 ■ 

1,9462 

0,0530 

0.3134 

O.ublil 

O.:o29 

0.CC97 

2.6363 

0.0930 

0.3613 

0.3527 

0.00 14 

0 .0062 

2.C760 

0.0545 

0.3221 

C.CbbO 

0.1-020 

0.ii09« 

2.1657 

0.0936 

0 . 18 69 

0,0460 

0 .f'l>l4 

C.L-U63 

2.2057 

0.0557 

0,3287 

L .UbU2 

0.L02A 

0.i'099 

2.2931 

0.0930 

0.3663 

0.4595 

0.1014 

0rl,.UH4 

2.4355 

0.0561 

C.33!8 

o.Cf'Jb 

0.C023 

0.CO9B 

2.4205 

0.09X3 

0,36 53 

0.062O 

0 ,rr;i4 

0 .0084 

2 .465 2 

0.0555 

0.3307 

u.oo*.7 

0 .Oj22 

0.tC9b 

2-5479 

0.C884 

0.3760 

0.0659 

C.0-U4 

0.0085 

2.5950 

0.C541 

0. ?57 

0-06b1 

0.0021 

f-.0193 

2.6753 

O.OB44 

0.3666 

O.OQV2 

0.3513 

0 »0o80 

2.7247 

0,0517 

0.3167 

c« o7ir 

C « 0 1 2 0 

o.couv 

2.602 7 

0,3792 

0.3508 

0.0725 

0.4312 

0.3577 

2.6545 

O.0-485 

0.3030 

U.i-704 

O.CC.19 

C.tiOClA 

2.9301 

0.0731 

0.33 07 

0.0758 

D.OOtl 

0.0073 

2.9842 

0.0446 

0.2868 

0.0/77 

O.LUl? 

D.LU76 

3. 6s 76 

0.0660 

0.3C64 * 

0.0791 

6.0010 

0.0068 

3.1140 

0.0400 

G.2^6C 

(.’.GBCV 

O.Ol’lb 

0.CC71 

3.164? 

0.05 79 

0.2777 

U.082-. 

0.L009 

O.OCOl 

3.243 7 

0.0347 

0.2413 

(1. i.b9i 

0.0O12 

D.C062 

2.3123 

0,04 89 

0.2446 

0 -oo57 

0 .0407 

0*0054 

3.3745 

0.028 8 

C-2126 

0. ‘<b7*. 

O.l'H) 

O.C :53 

3.4397 

0.0391 

0.2069 

0 . -Od? .* 

0,3v06 

0-3 <46 

3.5032 

0,0224 

0.1 ’.1 

C. uVDb 

0.!lCi07 

O.G042 

3.5671 

c.02as 

0.1647 

0.0923 

C.C304 

0.0046 

3.6330 

0.0154 

0.1-, J.- 

O.CV’i 

0.000-9 

0.C.U30 

3 •69<i4 

0,0171 

0.1176 

b.0956 

0.0C02 

0 ,0026 

3.762? 

0.0081 

0,1023 

0.O971 

C ■ Oi> 0 1 

t.i 017 

3.0216 

O.OOSd 

0.0657 

0 . 0964 

i'.cuoo 

0.O015 

3.6925 

0.0003 

0.0576 

O.ljful 

<-0.0002 

0.C0O3 

3.9403 

-0.0067 

0.C126 

C .K 19 

-0 .0002 

l>.to04 

4.C133 

-0.P070 

0.0120 

0« lOCi^ 

-0.00U2 

0.0002 

3.9492 

-0.0076 

0 * 0088 

0.1O22 

-0.0002 

0.C0D2 

4.C-222 

-0.0076 

0.0086 

KAU1LJ& lHI:TtKS) 

« 0.2547 

KADIUS 

(INCHES) =10.0288 

RADIUS (MtTtMS) 

» 0.2678 

radius 

(INCHES) =10.5436 

CrtORO (MiTthi) 

= 0.1003 

ChUHD 

IlNChk'S) = 3.9492 

Chord (HlTERS) 

= 0.1022 

CHORD 

(INCHES) 4.0222 

ZCSL IHtTtRil 

>= 0.0b3l 

2CSL 

(INCHES) = 2.0911 

ZCSL t« 

ETiRS) 

= 0.0541 

ZLSL 

( INCHES) = 2.1265 

»CiL INtrtRS) 

a 0.0047 

VC5L 

(INCHES) = 0.1666 

vest (MfTEkS) 

= O.C038 

resL 

I INCHES 

1 a 0. *^"^7 

lUfc (R 


=0.000236 

RLE 

(INCHES) = O.OC93 

RLE (MsTtKi) 

= 0.000235 

RLE 

(INCHES) = 0.0093 

K/l; IMbTlhbt 

=0.000235 

hlfc 

(INCHES) = 0.0093 

nit (nt-TlKS) 

=0,050234 

Kit 

(INCHES) = O.OCOl 

K-AKEA(M 

..►1ET6RS) 

=0.000502 

X-AREA 

(SO. IN. 

) = 0.7778 

X-A»tEA(SO 

.H-TERS) 

=0.000479 

X-AREA 

(Sf, IN. 

) = 0,7428 

Oa mMA-Chuh u 1 RA 0 . ) 

= 0.6617 

6AKHA-CH0KD( ueg. 

.1= 39.06 

GAMHA-CriLkO ( KAO.) 

= C-,7459 

OAHMA-ChOROIDEG 

.1= 42,74 
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TABLE 10 (Continued J 



MfeTERS 



INCHES 


METERS 


INCHES 


zc 

YP 

YS 

ZC 

YP 

YS 

ZC VP 

VS 

ZC YP 

’ YS 

0.0 

- 0 .C 002 

0.0002 

D.O 

-0.0084 

0.0086 

0.0 -O.C002 

0.0002 

0.0 -0.0080 

0.0086 

c.ooca 

-O.Cl.02 

C.CCC3 

0.0091 

-O.OCflZ 

O.OlO'. 

0.0002 -C. 0 CO 2 

0 . 0 u03 

C. 00 B 9 -L.ooeo 

O.OlOO 

0 . Jji". 

-C .fiCil 

C.C'j0 9 

0.1320 

-O.OL'47 

D.C3C9 

0.003n -O.C-C'0 2 

O.0CO8 

0.1393 -0,0078 

0.0303 

O.Lri<a7 

-O.C -CO 

C.C015 

0.26C0 

-0.0013 

0.C599 

0.U36U - 0 .C 002 

C.0C13 

0.2687 -0,0077 

0.C510 

O.MOl 

0..*,00 

O.C VI 

O.3960 

o.joie 

D.C'1139 

0.0102 “O.oaoi 

0 . 001 b 

0.9030 -0.0C75 

0.0709 

C . .'1 3>» 

o.CC&l 

C.'jCiT 

c.izto 

C.0096 

0.1C56 

0 . u 1 36 — C.uvJ2 

0.0.23 

0.6379 -0.0C76 

0.CLB6 

O.C 1 D(* 

C .L'JUZ 

0.00 3 2 

O.obYO 

0.0071 

0.1263 

(].C171 -C.'.OOZ 

C.C027 

0,6717 -0.0077 

C.1056 

L « UZ u li 

C.fi.02 

O.C037 

0.7919 

C.0093 

C.l‘*57 

0 . o.: 05 -l .Cu 02 

C,i03l 

0.6C61 -0.0078 

0.1215 

t .ijZ'i 

0 • (' ’ c;i 

C.(.Ch 2 

0.9239 

C.0113 

0.1637 

L.i2J9 -r.::tC2 

0 .C 635 

0.9a09' -0.0079 

0.1363 


C.t'. 03 

C.tO*ii 

1.05S9 

0.0130 

0.1909 

(..027» -0.;.012 

C.oCAb 

1.0798 -O.OOUl 

0.1999 

C.ojUif 

O.’- Oy 

0.7053 

1.IH79 

0.0197 

0.1959 

0.1*307 — C.0002 

o.:o9i 

i.cOVl -?,'J083 

0.1629 

t • ^ j 3:> 

u.OOOy 

u.CGSi 

1 .3199 

0.0161 

C .2100 

0.C391 — C.tC 02 

0.C099 

1 .3935 -0-OJ83 

0,1739 

L.i-itv 

O.i.C 0 *. 

C.0C57 

J .*.519 

D.OI 79 

0,2229 

0»C3‘7> -C.OJ02 

6.6 097 

1.9778 -C.Oi'EI 

0,1893 

(* * u ^ 

0 .Vkjva 

C.LG&O 

l.H'3V 

C.01U6 

0.2397 ■ 

0.O91V -C.i >002 

C ,l-t9>. 

1.0122 -C. 1082 

0. 19?P 


O.oi-O 

0.'‘C62 

1.7159 

0.nl97 

0.2952 

C.C N*.H -0.1 ; 92 

o.r.'5i 

1.7965 -0.0079 

0.2T23 


0 -ULOi> 

C.LC65 

l.tlC7Il 

0.0208 

0.25**7 

o.u97b -O.CC02 

0. J653 

1,630“ -0.0079 

0,2699 

0, jtJJ 

0 .v >06 

0.0067 

1.9790 

0.0220 

0.2631 

0 «C >12 — 0 *; .02 

O.I'* '56 

2.nj,52 -O.0C6B 

0.2167 

0 * 0 s Jo 

0 .U'J J 6 

c.;ou9 

2.11 11] 

0.0232 

C . 27q ^ 

0.0599 -O.CiOl 

0.C057 

1.1996 -0.0057 

C.Z227 

t. a ut) ‘lO 

0 - 1 . JGo 

C.C070 

2. 2938 

0.0296 

0.2773 

C .*j5tO — C ,(>i »0 1 

C.60s8 

2.2839 -0.0092 

0.2280 

C • Citj t J 

0 /t 7 

o.con 

2.375B 

C.0256 

0.2813 

0.0619 -{*.((,01 

0.905** 

2. *.183 -0.0627 

6.,2329 

0 . 1 (.J > 

C.( 007 

C.C072 

2.5070 

0.0261 

0.2920 

c *oo 9 3 -t .r 700 

O.l'ObD 

2,5626 - 6*. 0012 

0.2398 

y.w67l 

0.LJ0 7 

0.1. 37 I 

.'.6399 

0.02 5b 

0.2789 

u.v 6 E 2 o.ceoo 

0.0'-59 

2. 5376 C.OCOl 

0.233S 

C.wTJ^ 

c.o:o 6 

0.J069 

2.7710 

0.02*.9 

0,2722 

0.0717 0.1.00 

0.005H 

2,8213 C'.oroa 

0.2299 

(..■jJ28 

0 . 0 . Oo 

O.OC 66 

2.9038 

C.Q239 

O-i6l0 

o,u 7 ii o.;;*jo 

0.0056 

2.9557 O.Otio 

0 . 22)6 

C..(.77| 


t.l.Co3 

3. 1397 

C.0213 

0.2*.77 

6,0785 CrlCOO 

0.105S 

3.0VOO 0.0008 

0.7105 

o.r.oro 

c.ccos 

e.Cuis 

3.1677 

C.OlbS 

0.2302 

O.tlblv O.vioCO 

0.1. 050 

3.2299 0.0003 

6 . 1'=60 

OaOli.'H 

C.o.-Cc 

C.L0t>3 

3.2997 

c.rtsB 

0.2C90 

0.(!bl3 -O.CiCO 

0 , 6 -( 95 

3.3587 -O.OoOS 

0,1789 

LJ a 2 rt 7 ^ 

0.OC33 

0.00*17 

3. *.317 

c.otzc 

0.1S94 

C.OkET -o.ttuo 

0.6090 

3.9“31 -0.0016 

0.157? 

U. Cr-Zvi 

C.C 0 C 2 

C .CC*t3 

3.1637 

o.ooie 

0.1562 

■0,-921 -O.Cl'Ol 

0.i',039 

3.6279 -O.OP2B 

0,1339 

0 .uv 2 v 

6 ,Ol 01 

0 .0'u32 

3.095 7 

0.0099 

C . ■ 2 9 5 

I'.OYlb -O.utOl 

c.ca27 

3.7618 -0.00*1 

0.1070 


C.CDOO 

0.0023 

3.6277 

C-. tee 

0,0293 

C.OYYO -C'.CCC'I 

O. 0 U 20 

3.8961 -0.0059 

0,0771 

C.lLOb 

-O.c-'O; 

0.fjl3 

3.9i97 

-0.0035 

0,0506 

0.1029 — 0 .V-C02 

0 ■ 6(9 1 1 

9.C3Ci ~0.0(*6B 

0 . C9a3 

i».10J,7 

“C .OOC2 

C.0003 

9.C027 

-0.C-C73 

O.Oll*. ■ 

L .1056 -C,.tOC 2 

0 .( C03 

9,1557 -C.0077 

C.CllO 

0. LOJy 

— C .hiUU^ 

C..CC02 

C.0917 

-0.0076 

0.0085 

0.1650 -O.'Jt'CZ 

C. 6 iOD 2 

9.169B -0.0078 

C.CObO 

liADlJi (rttnuS) 

« C. 2 B 0 C 

riAuius 

lINCHSSI 

1 -n.QC06 

KfiJlJS (HtTIHS) 

« 0.2927 

Radius unchesi 

<11.5232 

CMLrtll lUeTthb) 

•* 0,1(<39 

Chl'HO 

(INCmSSI 

= 9,0917 

CHO.ID (HtTisS) 

= 0.1050 

ChL'RO (INCHES) 

» 9.1698 

ZCM (HLTLrti) 

» Cr.C^50 

2CSL 

(INCMESI 

* Z.1636 

ZtSL (He. rtkS) 

= 9.6*557 

2Cs(, (INCHES) 

= 2. 1998 

YChL iy 

[■UkSI 

= 0.0030 

tCSL 

( INCHES) 

= 0,1163 

YCSi. (MUEMSl 

= 6-.6C23 

YCSC 1 inches 1 

» 0,0890 

Klai (ftTlOil 

= C.t0323*. 

Hit 

(INCHES) 

= O.OC°2 

■^LE (MtlLfS) 

“ 0 . 00022 B 

RLE (INCHES) 

= O.OC90 

Kit (KtUhSl 

■=0.0.3232 

KTt 

C INCHES) 

= 0.0091 

Kit iMt. TtKj) 

=0,C10239 

flit (INCHES) 

= 0.61(92 

x-akcAISw 

• Hi, fi«S) 

-0.O30C55 

*-AflE4 

(SU. IN.) 

« 0.7CS3 

x-ArtEA(St.,.Ml UKS) 

-O. 900931 

a-akea (so. In.) 

= C.6637 


KCM«/ 0,1 

= O.BC72 

oftMUA-CHCKcnoEr.. 

i)= 96,25 

(jA^MA-Cm 51' ('Ull, ) 

= 6.8637 

(,AMMA-CHL«D(DtG. 

,)b 99.99 
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TABLE 10 (Continued) 


«mRS, INCHES . . meters imches 


2C VP 

vs 

zc 

YP 

y$ 

ZC YP 

YS 

ZC 

YP 

YS 

' O.C -O.OC02 

0.0CO2 

OaO 

-D*0096 

0.0086 

0#0 — 0.0002 

0.0002 

0,0 

-0.0067 

D.0037 

0*0002 - 0.0002 

D. 0 C 02 

C.0092 

— 0 .0088 

0.0098 

O.CiUDH -O.C.0C2 

D.C0C2 

0.l!093 

-0.0091 

O.OC96 

C.OC/Sb -0.ff03 

t -CC07 

0.1361 

-0.0117 

0.0253 

e,0035 -0.0009 

0.0006 

C.1378 

-0.0,39 

0-P219 

Q.0069 -0.Ct.09 

O.OCll 

0.2722 

-0,0197 

0.C92O 

O.UC-70 -O.ct'ub 

Cr.CCDP 

0.2756 

-0.0190 

0.039S 

O.Olt-9 -ft.J Q9 

0.3015 

(1.9CH2 

-0.0177 

0.0573 

0.0105 -0.0006 

0.0 >12 

1-.9139 

-0.0238 

0.0962 

O.OlJu -0-0.05 

O.CMb 

C .5993 

-0.0206 

0.C715 

C.0195 — 0.C0O7 

C.5019 

6.5513 

-0.0785 

C.C570 

0.0173 -0.U.C6 

0.0022 

0.6C09 

-0.0239 

0.0897 

C-.C175 -t.COOO 

o.coir 

o.bbvl 

-0.0330 

0.0671 

0 . 02 o f — ltiOt.C7 

C. 0025 

C.ei65 

-0.0260 

0.t97C 

C.t' 2 iv — C-C069 

. Cl. 1019 

C.8269 

-0.0372 

C.C765 

C .02..2 -c.ocr.7 

0.002B 

0.9526 

-(>,0289 

C.lCb3 

0.6295 -O.OoiO 

0.OO22 

C.V697 

— C.09 1 0 

P.CU 50 

0.u27T -O.OCOU 

(i.CCbO 

l.CbBo 

-0.0306 

0.1188 

O.U 28 O -O.Ctrll 

O.OCJZ9 

1.1C25 

-0.P995 

O.C 729 

0.0311 -O.j .Qb 

0.0033 

1,2297 

-0.0327 

0.1283 

0.1315 

O.C<C25 

1.2903 

- 0.0977 

0.1001 

O.CJttu -0.C0C9 

0.C035 

1.36C8 

-0.0399 

0.1370 

0.0350 -O.C013 

C.C027 

1.37S1 

-0.0509 

0.1067 

0.0 be 11 -0,.iOOV 

0,1037 

1.9969 

-0.0359 

0,1999 

0.0385 -C.C013 

0.OU29 

1.5160 

-0.0527 

0.1)27 

O.t'Olb — O.t'OCV 

O.U039 

1.6330 

-0.O370 

0.1S19 

0.u920 —0.0019 

0.6030 

1.6538 

-0.0595 

C.l'181 

O.C— t,v — V *00 10 

0.5090 

1.7690 

-0.0377 

0.15H3 

0.6955 — 6.C-019 

O.OL31 

1.7916 

-0,0557 

0.1230 

C.o-bO -O.OIMO 

0.3092 

1.9051 

-o.03ao 

0.1690 

O.Cs'tO — O. 6 OI 9 

0.0052 

1.9299 

—0 .0569 

0.1275 

0.0>1 b -fl *'.i ■ 10 

0.3 .93 . 

2.0912 

-0,0379 

0,1690 

C.6525 -9.6>19 

0.00 33 

2.8672 

-9.0565 

0. 1316 

0,0553 -O.COOV 

O.C 094 

2.1773 

-0.0372 

0,1739 

0.U560 —0.0019 

0.Oti39 

2.2050 

-0.0559 

0.1363 

C.ttittf -O.oCOV 

0.C09S 

2.3139 

-0.0359 

0.1773 

L.65V5 -0.CU19 

0.C035 

2*3929 

-0.0595 

0.1388 

u.0622 — 0 .0009 

0.1096 

2 .9999 

-0,0339 

C.lBll 

0.1630 — O.OOI 3 

0.0O36 

i.9807 

-O.Oi25 

0.1921 

0*0651 — G.OOL'G 

0.0097 

2.5855 

-0.0319 

0.)H91 

0.0665 -C .CC13 

0.0037 

2.6185 

-0.0995 

0. J952 

o.:s9i -o.toor 

0.0097 

2.7216 

-0.0 20 7 

0 .1853 

C.O700 -0.0012 

0.0C3B 

2.7563 

-0.09 58 

0. 1989 

0.0'f^io -'3.J.07 

0,0097 

2.8577 

-0.0261 

0.1837 

0.0735 -U .0 <11 

(’•■(.‘.sa 

2 .8991 

-0.0918 

C.1997 

O.OToo — C.oOOb 

0.0096 

2.993!I 

-0.0239 

0.1791 

0,0770 -0.0010 

0 . 6 .' 3b 

3.C319 

-0.0280 

C.1989 

0.0795 -0.U06 

O.CC 199 

3.1298 

-0,0220 

0.1719 

C",'/iU*5 -0.CC09 

0,0037 

3.l69f 

- 0.0399 

0,1-92 

O.ObSi — O.C005 

0 . 0 3 9 1 

3.2659 

-0,0202 

0.1609 

O.Cb'-C -O.OC/Cb 

0 .OuAS 

3,3676 

-0.0309 

0.1371 

0,0869 -I'.CoPS 

0. OC* .7 

3,9020 

-0,0106 

0.1979 

0.08 75 -C.CCC7 

0.0032 

3.9959 

-0.0276 

0.1271 

C.obVP -O.0C09 

O.Cu33 

3.5381 

-0.0170 

0.1311 

O.OOlL — 0 .0006 

0.U029 

3.5832 

-0.0293 

0.1192 

Lt.'393j -o.:-:09 

0.002b 

3.6792 

-0.0159 

0.1120 

C.0995 -C.COC 5 

0.9,-26 

3.7210 

-0,0211 

0.0986 

0.096b -O.OCOJ 

0.0023 

3.61 C2 

- 0.0137 

C.CV0 2 

o.ovbo — O.CC'CS 

C.ObZO . 

3.8588 

-0.0178 

0.0002 

O.UO'2 -U.C0G3 

0.CU17 

3-9963 

-0.0119 

0.0656 

O.lClb -C.6009 

C.0Q15 

3.9986 

-0.0195 

0- 

C.105 7 -0.0003 

O.COIC 

9,0029 

-O.OlCO 

0,0383 

0.1050 -U.f.'C3 

O.CCCV 

9 .1395 

-0.0112 

e.r-i, 1 

O.lCfJ^ -0.CC52 

O.C003 

9.2C96 

-0.0078 

o.o;o9 

C.lOtA -0.C0C2 

0.0003 

9.2639 

-0.0070 

O-OltH 

0,1071 -0.0002 

0.C002 

9.2105 

-0.0077 

0.0089 

C'.l6b5 -O.C302 

MS 

O.OCu2 

9.2723 

—0.0076 

0 .0009 

KX01U5 (HbTbKS) 

“ 0.3096 

RAUIUS 

IlNCrtES) =11.9938 

RADIUS (METtkS) 

= 0.3169 

Radius 

(INCHES! =)2,9S72 

chl'ho (HtTeksi 

.* 0* 1 u7 1 

ChOKU 

(INCHES! 

1 = 9.2185 

CrtUrtU (HtTtRS) 

= o.iobS 

Chord 

(INCHES) = 9.2723 

2CSL mtTtfiSl 

> 0.C562 

ZCSL 

(INCHES) 

' = 2.2133 

ioSL (HtTtKS) 

« 0.0570 

2CSU 

(INCmESI = 2,2991 

TCSL tlU(EkS) 

” C.0015 

tLSL 

(INCHES) 

1 = 0.0582 

rest. iHEftKSI 

= 0.0009 

TCSL 

tlNCHESl = 0.037C 

RLt iHiTtKS) 

=0.000235 

RLE 

lINChES) 

1 = 0.OC93 

RLt- (rt^ltkS) 

=0.0002 36 

RLt 

(INCHES! = 0.CC93 

krt (ktTiRsl 

=0.000228 

RTE 

(INCHES) = 0.0090 

RlE (HETtkS) 

=0.000226 

Rl£ 

(INCHES! = O.OC39 


X-fl«EA<Su*MtTERS>-0.l'<CiO*iO7 X-flREA ISO. 1N.» = 0.6308 *-AKtA ( TSRS J =0 .&ufi379 X-AREA (SO. IN. I ■= 0.5P73 

GA«Ma-CHUKD(KA0,»= C.9179 OAHHA’CHOHOIOEG.Jo 52.59 OakMA-CHURU ( kAO. » = 0.9701 GAMHA-CHOROfOEO.Js 55. 5d 
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TABLE 10 (Continued) 


HETERS 


. "CHES 


HfcTCRS 


INCHES 


iC VP 

rs 

2C 

yp 

VS 

2 C yp 

VS 

ZC 

yp 

YS 

0.0 “0.CC02 

O-ODOZ 

c.o 

-O.OOB9 

0.0088 

0.0 -C.0P02 

0.0002 

0.0 

-0.0091 

0,0090 

C.COOE -O.OC02 

c.oooz 

0,0094 

-0.0093 

0*0095 

0.6CJ02 -0.0u02 

0.0002 

0.0095 

-0.0095 

0.0096 

C.\^6j96 .000^ 

C.0D05 

0.1399 

-0,0148 

0.01V2 

0.6036 -0.6004 

0.6UC5 

0.1400 

-0.014B 

0.C183 

t'.oo7i -o.rt't)*. 

O.OOOT 

e.2797 

-0.0206 

0.0289 

0.0072 — 0*u005 

0.0007 

D.28I5 

-0.0207 

0.C269 

L-.U107 -U.1007 

o.toio 

0,4196 

-0,0262 

0.C37B 

0.6107 -0.6007 

0.6009 

6.4223 

-0.0265 

0,0345 

Ob 

O.Ohli 

9.1595 

-P.0317 

0.0461 

6.3143 -O.COOa 

O.’lull 

6.563 1 

-0.0322 

0.6414 

C.ulTl. -0.CC09 

0-07>l4 

0.0994 

-0,0368 

0.Q536 

0-079 -0.000 

0.0012 

0.703b 

-C.0377 

0.C477 

o,c<:jj ~c,Lun 

0-0011 

0.B3V2 

-0.0410 

C.0e06 

C.t'21 5 -0,1'C.ll 

0.0614 

O.0446 

-0.04 30 

0,0534 

Cj<ui*9 — 

0.1017 

o.v7vr 

-0.0463 

0 . 0669 

6.0250 -O.jOii 

8.4015 

0.9854 

—6.0480 

O.C585 

G-OdTe*. -O.cul' 

o.ooln 

1.1190 

-O.P605 

0.0727 

C.C-2BO -0,CC.]3 

0.6016 

1.1261 

-0.0526 

0.0632 

C.0^^0 -O.t.Ol'* 

c -ouzo 

1.2108 

-0-0543 

0.0760 

L.6322 -0.0UI4 

6.6617 

1.2669 

-6. 0568 

0.0673 

Cl. ■>351 -O.u-15 

0. J It 1 

l,39a7 

-0.D576 

0.0H2V 

0.0358 -D.O'IS 

O.Pv’lB 

1 ,4076 

-0.0605 

0.C711 

o.ojvi -o.ccis 

0.0072 

I. 1306 

-0.0604 

D.0874 

O.0J93 -0.6016 

0.0019 

1.5484 

-0.0630 

0.0746 

’~C.Cc>Z6 

0.0073 

1 .6784 

-0.0627 

0.0914 

Cit C424 -0.601 7 

O.Cu20 

1 .6092 

—0.0664 

0.0777 

"It.ui 16 

C.0C24 

:.iU83 

-0,0643 

0.C9S2 

C.04B7 — U-961'/ 

C.U028 

1.8299 

-C.6685 

c.cno7 

t .1 -tV7 -O.COX7 

0,007.5 

l.95a2 

-0.06 63 

0.0987 

C.65C1 -O.fOld 

C.6621 

1.4707 

-0.0699 

C.OhSh 

(..J533 -0-0017 

0-0026 

2.CVB1 

-0.0656 

0.1020 

o.u'jji- -ci.cjia 

0.6022 . 

2.1115 

-0.0705 

0.CS62 

L.JSbN -U.0;U7 


2,2379 

-0.0653 

0. 1C52 

0.0572 -5 .04 to 

6 .OC 23 

2.2522 

-0.0704 

O.OB69 

O-Ot-O'i -0-0016 

0 -Cll 2 a 

2.3770 

-0.0642 

0.IC83 

0.0608 — 0.CO18 

0.CO23 

2.3936 

-C.0693 

0.C917 

C.OOjV -O-OOlb 

0,0029 

2.1177 

-0.0623 

0.1113 

0.0644 -OitOl’7 

C.CC24 

2.5330 

-0.0674 

0.0946 

(..it.lJ -0-0fl5 

0.O029 

2.63 75 

-Cl. 0195 

0.1143 

6.0679 -0.6016 

0.6025 

2.6745 

-8,0645 

0.6977 

0-0711 -0-<017| 

0-CO3U 

2,7974 

-0.0558 

0.1175 

6.C 715 -0 .0015 

0,0626 

2.8153 

-0.06C6 

O.ICII 

0-0706 -o-tou 

o-ojsi 

2.9373 

-0.0510 

C.I20T 

0.6751 -0.C014 

6. 0027 

2.9561 

-0.0552 

0.1054 

C - T'V —0 * 0 ' 1-7 

0. 31 

3,0771 

—0.0460 

0.1224 

U.J7b7 -6,00)3 

•7,f1 J2B 

3.0968 

-0.0494 

0.1C86 

0.OO17 -O.Oi-lO 

n.o03i 

3.2170 

-0.0412 

0.1212 

0.6822 -C .0311 

C.C628 

3.2376 

-0.0435 

0.1096 

0-CU53 -O.CuOV 

0.OO30 

3.3569 

-0.0365 

0.1172 

CI.UBBA — U.l'VlC 

0.6027 

3.3783 

-0.0379 

0.1076 

O.bbBO -O.COCB 

0 .0029 

3.4960 

—0 . 0320 

0. 1103 

O.0iiV4 -0.6080 

8.4626 

3.5191 

-O.C>326 

0.1027 

O.C.VE-. -O.C.,07 

C-C026 

3 .6306 

-0.0277 

C.1004 

C.OViO -O.CCC'7 

O.f 024 

3.6599 

-6.0276 

0.0946 

0-jVsV -o-CiOOb 

0.0027 

3.7761 

-0.02 25 

0.0078 

6.0465 -O.UOC6 

0.0421 

3.8006 

-0.0229 

O.OB 39 

0-0t95 — 0-C005 

C.001& 

3.910-. 

-0.0194 

O.f.723 

0.1601 -0 .Olios 

0 .OulB 

3.9414 

-0.0105 

0.0699 

0. 1 0 30 — Cl -C >0^ 

O.i'iOlA 

4.0562 

-0.Q154 

0-C539 

0.1oj7 -0.0004 

6,0813 

4.C022 

-0-0143 

0.0528 

, 0«l66i —0-0003 

o-uooa 

4.1961 

-0.0115 

0.0326 

6.1073 -6.0603 

6.406B 

4.2229 

-0.01 08 

6.0325 

Ot'icos -(•-ro(i2 

0 .11003 

4.3272 

-0.00 76 

0.0699 

0.H06 -8.0062 

6.8603 

4.3549 

-0.0C7B 

6.0099 

o.llol -f, 0 C 02 

0.0002 

4.3360 

-0.0076 

0.0034 

0.1168 -0.0602 

0.8662 

4.363 7 

-0.0077 

0.CC8S 

Radius (Htrtits) 

” 0.3293 

RADIUS 

(INChESJ 

‘ -12.9242 

Radius chiters) 

« 0.3345 

Radius 

CINCHES 

) =13.1632 

ChukO trtCTLRS) 

« O.IlOI 

CHORD 

CINCHES) 

■= 4.3360 

Chord cmsTersi 

■ O.ltCU 

CHORD 

ClNChESJ ■ 4.3637 

ZCSL CKsTEtSl 

■ 0.0190 

2CSC 

1 INCHtSI 

= 2.2046 

2CSL CMeTthS) 

= O.C50S 

ZCSL 

IINCHESI ■ 2.3023 

VCSO 

* 0.C006 

VtSL 

CINCHES) 

» 0.0223 

VCSL CHClthS) 

= 6.6064 

VCSL 

(INCHES) = 0.0153 

rtot IPOTtHSl 

=0.000239 

KLt 

CtNC HESI 

= 0.C094 

KCE (hKIKSI 

■0.C6C242 

kCt 

CINCHES) ■ 0.0095 

hit (htTthSl 

■ 0.000224 

HIE 

ClNChtS) 

= 0.0008 

RIS CHtlbRS) 

=(1.010225 

«1E 

CINCHES) ■ C.ODSB 

h-AKhA(SO.Ht1tKS}=U.O '0347 

A-AREA 

ISU, IN.) 

= 0.S385 

X-AREA(S«.NtIERSj 

=lJ.'J.-03i9 

X-AREA 

ISU. IN. 

) ■ P.5104 

rvA^#1A-CHUS0 • J 

^ t « 0 C* 

OAfiMA-CHUrfOl (JE6. 

I» 58.59 

GAMHA-CHORO f RAD, j 

= 1.0543 

tAHHA-CHORDIDEG 

.)= 60.40 
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TABLE 10 (Continued) 


MtTERS INCHES 


ic YP ys 


0 

*0 

-a 

.C002 

0 

.0002 

0 

mOtJO^ 

-0 

• CuOZ 

0 

.6002 

0 

«0u36 

-0, 

.01-63 

0 

.0605 

c 


-C, 

.fCO<t 

0 

• CC07 

u 

• t;tCr6 


,600S 

0 

.<.009 

0 



.006 

0 

•■,.'11 

0 


-c 

.COOb 

0 

.0013 

0 


-c. 

.L609 

0 

.£■016 

c 

• u/ 

“0, 

.lOtO 

0 

*uL 

(■ 

• 

-c 

.C.'U 

0 

.6 .. 1 7 

u 


-0. 

.OOU 

0 

. C w 1 b 

ij 

..^36, 

-tf> 

.0 n 3 

0 

.0016 

0 

-OJVb 

-c 

.0313 

c 

.CQ19 



-0. 

1 1 u 1-. 

c 

.6626 

C 

-04(6 

•C 1 

. \fO j A 

L> 

.o02 1 

c 


-fi IS 

c 

.ff 21 

C' 


-0. 

.Ou 15 

0 

.L‘-22 

0 

*i>7b 


. iC IS 

0 

.0.-23 

0 

>OiiU 

-0. 

.60 

c 

.oC24 

c 

• Cb***' 

-VI . 

.oylA 

0 

,L02A 

0 


-V 

.1.013 

c 

.<■625 

c 

-1 f.-j 

-0, 

.6012 

0 

.ir,2& 

0 


-0. 

.kOll 

0 

.61-27 

c 


-o-' :ov 

0 

.0- 2a 

it 

^ VL 1,^1* 

-0, 

,Vi‘QV 

0 

-C-29 

0 


-Cr. 

iCJiiO 

c 

.6626 

Q 

-t ^)CC 


■ lCC j 

0 

.602U 

if 


-0, 


0 

• 6626 

0 



.Cu0 3 

0 

• C023 

C 

* iJOa 


-0CC3 

/y 

V 

.< 61V 

0 

• llj**** 

-c . 


y 

.6015 

{f 

riC't>L 

-0. 

rLV'C2 

c 

.CvOV 

i 

yiU«i 

-0. 

.t'.io.: 

0 

• C '. 03 

6 

*ni6 

-r>, 

rCOO-? 

c 

.0602 


HADIUi IMtTtRS) » 

CMunD MtTihit » 

ICSL (MtfhKSJ « 1.04V2 

VCSL <MtTlkS( » i.uUOS 
«l.t (riLlEKSI 
Klu (flcTthil "0 
X-I.Ktnliv>.Mt mKbItt 0 .\j 003 U 
•»ArtrtA-tHOHU(KAO.)= l.uVifti 


rc 

YP 

rs 

0.0 

-0.0092 

0.0091 

0.0096 

-0.0095 

0.0090 

0.1910 

-0.0120 

0.0192 

0.2036 

-0.0160 

0.0263 

C.9259 

-0.0210 

Q.0369 

0.5671 

-0.'J253 

0.69 36 

0,7089 

-0.0297 

0.0500 

C.6507 

-0.0391 

0,0557 

6.V92S 

-0.0303 

0.0607 

1.13V3 

-6.0923 

0,C6;2 

1..761 

-6.C960 

0.6691 

1-6179 

-0.0993 

0.0727 

l.56v7 

-0.0:22 

0.0759 

J.76I-. 

-0.0596 

0.0769 

J.t«‘.32 

-1.,6469 

C.Ltf 17 

i.iaso 

-0.0575 

C.CP2 9 

2,1260 

-£>,£•579 

0.0671 

^ .2666 

-3,0575 

0,0699 

2.-.I69 

-0.0569 

■3,0929 

2.5522 

-0.05 99 

0.0960 

2.6939 

-0.C515 

0.0993 

2.i<357 

-0.0976 

0.1P2M 

..«775 

-0.0925 

0.1079 

3.1193 

-5.3366 

0.1115 

3.2MI 

-0-033H 

0.1 137 

3. -.LEV 

-0.6259 

0.1130 

3.:997 

—0.02 OP 

0. 100 7 

3.68o5 

-0,0169 

O.lOlZ 

1.62f 2 

-0 0137 

0-0901 

3.V700 

-1.5112 

C.C-T55 

9.11 lb 

-0.0099 

0.0579 

*♦.2536 

-0.06W5 

C.0356 

9.3055 

■Hj-OCO'j 

0.0116 

9.3 959 

-C.OO05 

0.0090 


RAOIUS (INCHESJ ■IJ.'iiTO 

chuho ( Inches » « 't.ays* 

/CSL rfNCHES> ■: 2.33?0 
vest . MNCmESJ = 0,P221 
K(,fc I INCHES I • 0.0C96 

KTt <INCmFS( « C.QlOO 
X-ARtA ISU. J<J. > « C.AH2T 
CAfirtA-CHtlnOUU.ti, )= 62,00 
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TABLE 11 


STATOR AIRFOIL MANUFACTURING COORDINATES 



meters 



IKCHES 


■ 

HETERS 


. 

INCHES 


£C 

VP 

vs 

rc 

VP 

rs 

ZC 

VP 

VS 

ZC 

YP 

VS 

0.5 -O.CCOZ 

O.OOOZ 

0.0 

-0.0000 

0.SC8T 

0.0 

-0.6002 

0.0002 

0.0 

-0.0078 

0.008S 


0.0'’C£i 

0.0013 

0.0645 

0.0242 

0.0509 

0.0022 

0.0 705 

O.OnlZ 

r.0348 

0.0209 

O.OnSO 


(.■.to In 

C.IC33 

C.I669 

0.0'!S3 

0.CV15 

0.0143 

0.C512 

0.6022 

0,1697 

C.048S 

0.0850 

G. 

o.c;.;z 

O.CuJS 

0.Z634 

0 -0049 

0.1299 

O.Oti65 

0 .Colv 

6.6 031 

0.2545 

0.0747 

0.1215 

w .u' 4)6 

( .C-uZV 

0.t04i 

0,3379 

C.1120 

0.1662 

tl-u08 6 

O.Ct25 

0.063V 

6,3394 

0,0994 

6.1551 

0*.>)07 

l'.' i3> 

0.4 JM 

0.4723 

0.139O 

0.2003 

o.ttoo 

6.6031 

0.0047 

0.4242 

0.1226 

0. I860 

C . C- 1 

U • tit 

ii.COSv 

0.6066 

•3,16 34 

0.2323 

VI.V129 

0.0637 

o.ccss 

6.5090 

0.1443 

6-2164 


C.tt'.T 

O.OOoV 

C.5V13 

0.1062 

6.2623 

O.-Vlbl 

0 *6 ’.42 

0.5 >62 

0.5939 

0.1643 

6.2440 


O.l-CaJ 

0.i!ti74 

[..6760 

0.2671 

0.2901 

0.'J172 

0.CC46 

0.0969 

6.6707 

6.1828 

C.2697 

C•.0t^3 

O.t . bT 

O.OCUO 

0.7602 

0.2:62 

6.3169 

6 . vl V*. 

6 , ( '. 5 1 

6.1075 

6.7635 

0.1997 

0.2925 


0 .L/'.bZ 

0.0506 

f .044? 

0,2434 

0.3395 

<'.42 16 

1 .iu:5 

6.6080 

C .8434 

6.2150 

0.3152 

0 jr» 

•.'.-060 

O.'tnvz 

0.92V2 

0,2507 

6.3611 

6. ( 2.17 

D.Ok^bS 

C-COltS 

6,9332 

0.22B6 

0 3351 


Cj.CvOV 

s. . 5 C 7 7 

1.4 136 

0,2721 

C.3t*36 

0,4269 

0.6061 

0.6090 

1.6181 

0.2405 

0 .:53i 

yv 

ti.ti-TZ 

(..tlOl 

1.0901 

0.2035 

0.3901 

u.‘32 «3 

0 .ki '64 

0.'j094 

l.t('2V 

0,2507 

0.3694 

i.-yi’A- 

ti .Ct 

C.01U6 

1.1626 

0.292S 

6.4132 

0.6362 

C..006O 

C.OOvT 

1.1877 

6.2592 

6.3834 

A' 

0. lOTo 

O.OU>D 

1.7670 

P.Z99il 

0.4249 

6.6323 

0 *066 7 

6.61DD 

1,2726 

0.2657 

0.3946 

C,j. M.i 

v.ijj'n 

O.CIJO 

1.3616 

0.3041 

0.4330 

0.0345 

6.6669 

6.0102 

1.3574 

0.2697 

C.4023 

C.nntj 

f'.f I'TM 

0."SI£ 

1.4360 

0.3057 

6.4371 

C.<)366 

6-6C69 

0.6163 

1 .442*3 

0.2713 

0.4O63 

(.'« k>^L<> 

tr.l - r7 

o-om 

1 .67 k 4 

0.3044 

0.4373 

6.0388 

6.t-69 

0.616 3 

1.5271 

0.2764 

0,4066 

0 1 t,*»Ur 

0.l(//u 

o.l'l H) 

1.6049 

0.3003 

0.4335 

C . 0— - V 

6.6366 

0.tU02 

1.611V 

0.2670 

0.4032 

1- 4 

f . k t> 7 N 

t • 0 I 06 

..« (j44 

0,2933 

0.4266 

0,0431 

0.0066 

o.oiot 

1.6V08 

0.2609 

0.3960 


u.r, ?if 

C.MOS 

1.773V 

0.2H34 

0.4la7 

6.0463 

6.( 1 64 

C.1698 

1.7816 

6.2521 

0,3849 

Xh * 

k'.l.i.Ou 

O.Olwl 

1.6663 

f'.2 704 

6.a975 

0.0474 

0.6'ial 

6.40V4 

1 .8665 

C.24U6 

6.3698 


O.C ;oV 

V.O Vb 

1.9420 

0,2543 

0.3769 

0 . 64 Vo 

C.6657 

0. 60(19 

1.9513 

0.2262 

0.3505 

0 . ■_ ^ ! ^ 


O.'.Jfv 

7.0273 

0-234 9 

C.3617 

0.O6 17 

O.L353 

0.6UU3 

2.0361 

0.2U89 

0. j269 

t-.L 1 Jfj 

t . '■ .164 

tl.l vI'J 

2,1117 

0.2121 

0.2216 

0,D'j3v 

0 .0'.4S 

0.(076 

2.1210 

0.1885 

0 .2987 

^ 3 c 

t .tti**/ 

ti .1. 073 

2.1962 

0,1867 

0,2061 

O.uSoU 

ti .C'U42 

0.1.067 

2.2658 

0.1650 

0.2656 

t .v lWV 

O.C . nC 

O.oioi 

2.2M0 / 

0.1666 

0,2450 

0.45U2 

0.1 u35 

6.605(1 

2.2V67 

0.1380 

0.2273 

!/• -rtiu L 

C.lOJl 

L-.t'fSO 

2 . J 6 7 1 

0.1214 

0.1977 

O.C-603 

O.f 227 

0,604 7 

2.37a5 

0* 1075 

0. 1831 

t' - ■'Oix 

■j -'Z 1 

0.. ..lo 

2.4496 

0 .0b29 

0. 1433 

C.l 626 

6 .(019 

0.6034 

2 . 40 0 3 

0.0731 

0.1327 

0 -t,.*^** 

O.C5tC 

O.CCil 

2.6341 

0.0391) 

O.COlO 

0 .664 6 

0.6609 

6.6019 

2.5452 

0.6346 

0.0750 

D»1j 667 *>G«i^oC2 

t 

0.0003 

2.6106 

•K).OPt>Cl 

0.6049 

3.0668 

-0-DJJ2 

0.CDC2 

2.6300 

-0.0079 

O.OOV5 

’ti'urus 

.TirSI 

- 0.Z279 

ItADlUS 

HNCHESl • 0,9710 

HAlllUS IHETtKSl 

- 0.2333 

RADIUS 

llHCHESl 

1 = 9.2041 

Lio-fu (METi.Pi) 

R 0.0665 

t7.Ci«D 

1 I\tHES 1 

1 = 2.6105 

CMCXl) IHtlEKS) 

• 6.0663 

CHL'HO 

< INCHES 1 

1 = 2.6300 

ZCbL tMlTt^S) 

- ...0369 

2L61. 

(IVCHbSI 

' 4 1.4149 

iCSu tHEltrtSl 

» 0.0359 

2C56 

(INCHES) 

' = 1.4143 

TCIL Ifll I cKi) 

4 0-6074 

TtSl, 

UNCME5! 

4 0.2694 

VCSl. IMtTEKSl 

B 0.0360 

vest 

« INC HES) 

« 0.2693 

Kl,t (fli 

T ms 7 

BC.t'0C‘j04 

ftU 

(I'lCHEM 

4 CntOOO 

HUE Irti-TLhS) 

»C. 000203 

MCE 

(INCHES) 

1 = O.OCUC 

■<ic (;•’. 

IttS) 

«0. 010203 

Mt 

1 INCHES) 

( 4 0-OC'RO 

Hit (HETtKSl 

=0.666264 

RTt 

(INCHES) 

= o.ooao 

^'inEAliO, 

,«f <tnj) 

= C. 010166 

*-*rtEA 

(SO. l.N. 1 

1 B 0.2418 

A-AKtACSt' 

.ML IEH5) 

=6.660160 

K-ARt-A 

(SU. IN.) 

« 0,2407 


= 0.3«31 

GArtMA-CKOltDeDtf*.. 

I" 21.95 

GXrtHA-Ct'OKO C hAU , 1 

= 6.3926 

6AMHA -CmlKDlOEG. 

.)“ 22.39 
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TABLE 11 (Continued) 



H£TE«S 



INCHES 



HETERS 



INCHES 

1 


iC 

VP 

VS 

zc 

VP 

VS 

ZC 

VP 

VS 

ZC 

VP 

VS 

o.a 

-0.0002 

0.0002 

0.0 

>0.0076 

0.0089 

0.0 -O.OU02 

0.0002 

0.0 

-0-0076 

O.0D8Z 

0.0022 

0.00 Op 

0.0012 

0.0B53 

0.0169 

0.0961 

0.0022 

0.0009 

O.OOlt 

0.0698 

O.OISZ 

0*0939 

0.u<)<^3 

O.DOtl 

0.0021 

0.1706 

0.0936 

0.0821 

0 . 0099 

0-0009 

0-00 20 

Q.I719 

0.0371 

0.0780 

O.C06S 

0.0017 

O.OOZV 

0.2360 

0.0675 

0. 1161 

0.(1065 

0.C0L5 

0.0028 

C.2573 

0.0378 

0.1101 

0»uvU7 

0.002J 

0.0030 

0.3913 

0.0901 

0.19SZ 

0.0U87 

0 ,3l'20 

0.DU36 

0.3931 

0.0779 

0.1903 

Q.OKiB 

O.CitZt) 

0.C0..5 

0.9266 

0.1113 

0.I7B3 

9.6109 

0.0029 

O.OQ93 

0.928V 

0.0958 

0.1686 

0.C13O 

0.C033 

0.0032 

6.5119 

0.1311 

0.2066 

0.01 il 

0.0U29 

0.0 050 , 

0.3196 

0.II31 

0.1950 

O.Ul»2 

0.0030 

0.0069 

0,3972 

0.19 96 

0.2329 

0.ul33 

U.0033 

0.0036 

0.6009 

0.1291 

0.2197 

0.U173 

0.0.>‘V2 

O.OL-66 

0.6Q26' 

0.1663 

0.2579 

0.0179 

0.6(37 

C.0062 

0.6862 

0.1990 

0.2923 

C.0IV3 

a.co<.6 

C.-3071 

0.7679 

0.1B21 

0.2000 

0.0196 

0.0090 

0.0067 

0.7720 

0.1577 

0.2637 

P.021 f 

P.UUPO 

0.6076 

0,aS32 

0.1962 

0.3007 

0.0218 

0.0093 

O.Ou72 

0.8977 

0.1702 

0.2831 

C.C^30 

0.00S3 

0*6001 

C.93US 

0.2087 

0.3196 

0.0293 

0.0096 

0.0076 

0.V93S 

0.1815 

0.3008 

C.L'Zc.0 

O.OOPb 

0.00S6 

1.6230 

0*2198 

0.3367 

0.0261 

0.1. 099 

(i.ooeo 

1.0293 

0.1916 

0.3167 

b.OZBZ 

0 .00>0 

O.DOUV 

1.1092 

0.2293 

0.3321 

0.02U3 

(1.00 51 

0.0089 

1.1131 

0.2005 

0,3313 

0.03u3 

0.u>bO 

U.0093 

1.1995 

0.2373 

0.3639 

0.0i03 

0.('»33 

0.0087 

1.2CC8 

0.2062 

0,3939 

C.03Z3 

0.0062 

0.0096 

1.2790 

0.2939 

0,3761 

0.'J527 

0.0059 

0.0090 

1.2066 

0.2193 

0.3393 

a.03-.'/ 

0 .0063 

0.0097 

1.3631 

0.2971 

0.3833 

0.0399 

0 .u.i 53 

0.0092 

1.3729 

0.2183 

0.3619 

C.P36H 

0 .0063 

0.0090 

1 .9309 

0.29B9 

0.3669 

D.OJ 70 

o.o:56 

0.0C93 

1.9581 

0.2201 

0.3650 

O.Pi'yo 

0.0063 

0.009B 

i.333tt 

0.2973 

0.3669 

C.039£ 

(J.C056 

0.0093 

1.5939 

0.2196 

0.3650 

C.(i412 

0.0062 

0.0097 

1.6211 

0.2992 

0.3S39 

u. 09 19 

(>.0035 

0.u092 

1 .6297 

0.2168 

0.361S 

0.d*i33 

0 .0061 

0.6096 

1.7069 

0.23B9 

0.5762 

C. U93n 

0.0059 

0.0090 

1.7155 

0.2118 

0,3595 


0.0C96 

0.0093 

1.7917 

0.2301 

0.3633 

0.09 38 

0.0052 

0.0ou7 

I.U012 

0.2099 

0.3939 

P.P-tV? 

0 .0i'*36 

0.0069 

1.0770 

0.Z193 

0.3305 

0.0979 

v.O >99 

0.0889 

1.8870 

0-1996 

0,3296 

O.iwvb 

0.0032 

6.u<iQ9 

1.9629 

6*2039 

0.3318 

0.0331 

0.2?96 

0.0075 

1.9723 

0.1025 

0.3115 

0.03ZO 

0.00'td 

Q.0076 

2.0977 

0.I69U 

0.3089 

0.(,323 

(1.0893 

0.0079 

2.U5B5 

0.1679 

0*2896 

C.(>!i<>2 

0.00A3 

0.0072 

2.1330 

0.1709 

0.2818 

U.0395 

0 .0038 

0.9U67 

2.1993 

0.1509 

0.2636 

O.OiOl 

0.003U 

0.0069 

2.2103 

0.1991 

0.2500 

C. 0506 

O.UJ33 

0.0059 

2.2301 

O.L313 

0.2333 

O.CiiiUS 

0.0032 

0.0039 

2.3036 

0.1299 

0.2139 

0.0588 

U.0028 

0.OC3O 

2.3159 

0.1090 

0,1986 

t.Oof-T 

0 

0.0099 

2.3890 

0*0969 

0. 1716 

0. jolO 

O.fi 21 

0.0090 

2.9016 

0.0891 

0.1392 

C.OoZU 

0.0017 

0.0031 

2.97«3 

0.0652 

0.1290 

0. 0632 

o.o: 19 

0.0029 

2.9879 

0.0369 

0.1197 

o.opsu 

0 .c (.00 

o.ooia 

2.3396 

0.0303 

0.0700 

0.0639 

0.0007 

0.0016 

2.5732 

0.02 38 

0 .0696 

0.007^ 

'^0.0002 

0.0002 

2.6999 

-0.0078 

0.0091 

0.0675 

-11.C0U2 

0.0982 

2.6390 

-0.0076 

O.C089 

KA01U& meiixsi 

■ 0.2393 

RAOlUS 

(INCHESI • 9.9202 

Radius (heters) 

■ ti.2995 

RADIUS 

(INCHES) X 9.0239 

CnOHO (HliltKS) 

■ O.Oo72 

CHDHO 

IINCHESI • 2.6999 

CHimo iheteks) 

• 0.0675 

CHHHO 

IINCHES) • 2.6390 

2C:>L IritTLKSl 

» 0.6361 

ZL3L 

(INCHES! ° 1.9196 

2CSL (HETEK6) 

• 0.0363 

ZCSL 

(INCHES) • 1.9300 

rCiL UIEIIHSI 

> 0.0063 

TCSL 

IlNCHfcSI • 0*2331 

VLSL IHf. T£(ti) 

» 0.0039 

vest 

(INCHES) - (1.2327 

«Lt (HcTtMil 

>C.JJ0203 

Hit 

dNCHeSI ■ O.OCfiO 

RLE (HlTERS) 

-O.OCO 2 O 3 

RLE 

(INCHES) - 0.8080 

lUt lheTtH:>) 

•0.000209 

al£ 

(INCHES) • o.ooao 

rtTt 1HE7ERSI 

•0.000285 

HIE 

(INCHES) = O.OOSI 

X-AKtAlSu.rtLlERSl 

•0.000163 

X-aHEA 

(SO. IN. 

1 » 0.2661 

X-ArtfcA(SU 

.H11EKS)°0. 000179 

X-AREA 

(SU. IN. 

I » 0.2695 

CxnH A-LHliKU IhAU. 1 

a 0.9017 

6ArlMA-CH0KO|0£6 

.)• 23.02 

GaHhA-LhLIHO IKAO. I 

1° 0.9281 

GAMMA-CHORD! DEO 

.)• 29.33 
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TABLE 11 (Continued) 


HETEHS inches H6TERS INCHES 


zc 

»P 

VS 

ZC 

VP 

VS 

ZC 

VP 

VS 

ZC 

VP 

VS 

0.0 

-O.OOC2 

0.0002 

0.0 

-0.0076 

0.0002 

0*0 -0.0002 

O.OO02 

0.0 

-0,0075 

(1.0081 

0.0J22 

0.0003 

O.POU 

0.0B61 

0.0131 

0.0931 

0.0022 

0.0003 

0.0011 

0.0B63 

0.0125 

0.0437 

C.C099 

O.OJOO 

0.0319 

0.1722 

0.0329 

0.0763 

0.0944 

O.OOOG 

0.0020 

0.1727 

0.C316 

0.0775 

0.0066 

b.C.013 

0.0027 

0.2503 

0.0517 

0.107S 

(>.0066 

0.0313 

0.0028 

0.2590 

0.0497 

0.1091 

0.0067 

o.ools 

0.0035 

0.3444 

0.0693 

0.1368 

0.0598 

O.flOIV 

0.7035 

0.3453 

9.0606 

0.1336 

o.ciov 

0.0022 

0.0092 

0.4306 

0.0060 

0.1641 

o.ono 

0.0321 

0.0042 

0.4317 

0.0825 

0.1660 

D.Oljl 

0.0026 

0.0093 

p.5167 

0.1015 

0.1996 

0.01 32 

(>.0025 

0.0049 

0.5180 

0.0973 

0.1914 

0.0153 

0 .f 1'<20 

6. 0359 

0.602U 

0.1160 

0.2134 

0.0153 

C.002U 

D.vOSS 

C.6C43 

o.inci 

0,2199 

0.0175 

0.0033 

0 .0060 

0.6OB9 

0.1295 

0.2353 

0.0175 

0.9331 

O.0C60 

0.6907 

0.1237 

0.2365 

O.C197 

0 ,i 03b 

O.C065 

0.7750 

0.1419 

0.2555 

0.01 VI 

d.60 34 

0.0965 

0.7770 

0.1354 

0„:562 

tituiif 

0.C0J9 

0.0070 

0.0611 

0.1533 

0.2740 

0.3219 

o.a:i37 

0.U076 

0.8633 

0.1960 

0.2741 

C, 

0.0U92 

0.tu79 

0.9972 

0.1637 

0.2909 

0.0241 

0 .li040 

0.0074 

D.V9V7 

0.1556 

0.2902 

O.OZ6Z 

0 .0094 

0.0073 

1.0333 

0.1730 

0.3060 

0.0263 

0.9042 

0.U077 

1.0360 

0.1692 

0.3045 

0.U269 

0.0396 

0.0031 

1.1194 

0.1U13 

0.3197 

C.U295 

U.0049 

b.OCul 

1.1223 

0.1717 

0,3172 

O.C 1 AC 6 

0.0D9U 

0.0069 

1.2056 

C.I008 

0,3317 

0,0361 

0.(’045 

0.OU93 

1.2097 

0.1784 

0.3201 

0.0326 

0 .9099 

O.OOit I 

1.2917 

0.L94S 

0.3916 

O.U329 

0.UC47 

0.0096 ' 

1.2V50 

0.1838 

0.3370 

0.035U 

0 .OuS 1 

O.obOU 

1.3770 

0.1990 

0.3984 

0.0351 

0.‘HI40 

0.0497 

1.3913 

0,1875 

0.3429 

0.0372 

O.O05I 

0.0039 

1.9639 

D.2Q10 

0.3518 

0.0373 

9.UC4B 

0.0098 

1.4677 

0.1891 

0.3956 

0.0JV9 

0.0051 

D.0039 

1.5500 

0.2009 

0.3510 

0.03V5 

0.CC48 

6. (<088 

5.5540 

0.1888 

0*3999 

0.U916 

0.0650 

O.Ot'Ba 

1.6361 

0.1997 

0.3499 

0.0417 

9 .0047 

O.OOUT 

1.6403 

0.1865 

0.3909 

0,0937 

Ci.(jiJ99 

0.0097 

1.7222 

0.1942 

0.3915 

0.0439 

0.0046 

O.COB5 

1.7267 

0.1920 

0.3337 

0 .09 59 

O.UO 9 O 

0.0039 

1.3093 

0.1076 

0.3311 

U.o96ti 

0.9245 

Q.0C82 

1.9130 

0.1756 

0.3230 

D.09tl 1 

0.<<645 

O.ooOl 

1.0995 

0.1707 

0.3172 

0.3492 

0.0392 

0.0070 

1.B993 

0.1671 

0.3090 

C.05C3 

0.0093 

0.CC.76 

1.9006 

0.1676 

0.^996 

0.05u-« 

0.0040 

0.0074 

1.9857 

0.1565 

8.2919 

0 .0525 

0.0039 

0.0071 

2.0667 

0.1542 

0.2792 

0.0526 

b.9u37 

0.L&69 

2.9120 

0.1430 

9.2703 

0.059 7 

0.9.>35 

C. 0-364 

2.1520 

0.1395 

0.2531 

0.0546 

O.CP33 

0.0062 

2.1583 

0.1209 

0.2454 

0.3569 

0 .0031 

0.0C5T 

2. 2389 

D.1204 

0.2239 

0. o57u 

0.0029 

&.0(>55 

2.2996 

0.1119 

0.2168 

0.0591 

0.0025 

0.C09U 

2.3250 

0.0999 

0.1903 

D.U59Z 

0.uu29 

0.0397 

2.3310 

0.0927 

0.1941 

O.Cb 12 

0.0(>2u 

0.0039 

2.9111 

0.0769 

0.1524 

0* Oci 19 

0.0010 

0.0037 

2.4173 

0.0712 

0.1472 

0.0939 

0.C0I3 

0.0029 

2.9972 

0.0514 

0.1097 

0.0636 

0 . 0 c 12 

0.0027 

2,5036 

0.0473 

0.1958 

0.0956 

0.0506 

0.0016 

2.5039 

C.02 32 

0.0619 

0,06 >0 

9 . 9>(05 

(,.9015 

2.5990 

0.0211 

0.05VT 

C.3673 

yO .0 j02 

0.0002 

2.6695 

-0,0074 

0.0097 

. 0 . Oij 9 O 

-C.0(r02 

0.0002 

2.6763 

'—0.0079 

O.OOBS 

KAUlUS InETtKS) 

« 0*2593 

RADIUS 

1 INCHES 1 

>=10.2000 

RADIUS (HtTEKS) 

> 0.26BS 

RADIUS 

(TNCHfSl ■10.5820 

CHUKD InoTtKSJ 

« 0.0679 

CHUKO 

ClNCHESl 

1 » 2.6695 

CHUKD (HEURSI 

X 0.0690 

Chord 

(INCHES) ■ 2.6763 

2060 (KcTEKSl 

> 0.0367 

ZCSt. 

t INCHES) 

1 B 1.9934 

ZLSC (HLTEKS) 

» 9. 0370 

ZCSL 

(INCHES) > 1.9570 

yo6U (HtTtHSt 

• 0.0055 

rcsu 

(INCHES) 

1 X 0.2154 

VCSU (HbllRSl 

X 0.0052 

VCSL 

(INCHES) ■ 0.2035 

Hot IrtEURS) 

aO.QOOZOS 

KL£ 

(INCHES) 

> >> 0.0001 

KlE IMEIEKS) 

BO.OOO 2 O 5 

kle 

(INCHES) ■ 0.0C91 

KtE (MtltKSJ 

90.000204 

RU 

(INCHES) 

X 0.0080 

KTE IHETEKS) 

•0.000204 

R1E 

(INCHES) x 0.0080 

X-AKl At 50 .HUEHSl 90.000132 

X-AKtA 

(SO. IN.) 

1 « 0.2022 

X-A«EA(5U 

.H2TERSI*=o.000190 

X-XR6A 

(SU. IN. 

1 ■ 0.2941 


G*(irtA“CMCKD(HAt).J= OAHHA-CHaHOtDEG,l» 25.90 OAHHA-CmORU (KAO. I« 0.9791 CAHHA-CHOBOJOEC, l« 27. 16 
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TABLE 11 (Continued) 



HETHRS 



INCHES 


' 

HETERS 



INCHES 


zc 

TP 

YS 

ZC 

yp 

VS 

ZC 

YP 

YS 

ZC 

YP 

YS 

0.0 

H5.C002 

0.0002 

0.0 

-0.0079 

0,0032 

0.0 

-6,0002 

D.OOQZ 

0.0 

-0.0074 

0.0083 

0.0022 

0.0003 

O.OOII 

0.0064 

0.0122 

0.0446 

U.U022 

0.0003 

0.0012 

0.0669 

0.0129 

0.0466 

tf.uuv. 

O.bOOe 

0.6020 

0*1729 

0.0306 

0.0791 

0.0044 

U.OOOd 

0.0021 

0.1730 

0.0322 

0.0B29 

O.OOOb 

0.0012 

O.OOZB 

0.2493 

0.0483 

Q.mi 

O.OObo 

C.0313 

0.0030 

0.2595 

0.0502 

0.1164 

O.OCUfI 

0.00 lb 

. 0.003b 

0.3446 

0.0647 

0.1409 

0.0006 

0.0017 

0.0037 

0.3460 

0.0669 

0.1473 

O.bllO 

0.0020 

0.0043 

0.4322 

0.0799 

0.1684 

0.01.0 

0.0021 

0.0045 

0.4325 

0.0023 

0.1757 

0.0132 

U.0324 

0.0>>49 

O.ilUT 

0.0940 

0.1938 

0.0132 

0.0C25 

0.0051 

0.5191 

C.0965 

0.2G18 

0.0134 

0,0v27 

0.005S 

0.6041 

0.1071 

0.2171 

C.ul 54 

D.OC20 

0.0057 

0.6056 

0,1895 

0,2255 

0.0170 

0.0030 

O.OObl 

6.6V16 

0.1190 

0.2363 

0.i>17b 

C.9131 

O.O'JbS 

0.6921 

0.1213 

0.2469 

O.OIVO 

0.0C33 

D.00b:> 

0.77UO 

0,1296 

0.2473 

0.3I9U 

C.C-0J4 

0,0068 

0.7766 

0.1320 

0.2660 

0.0220 

0.0034 

C.G070 

0.b644 

0.1397 

0.2747 

0r022C 

0.LC36 

0.CC72 

0.8651 

0.1414 

0.2830 

U.U242 

0.6C30 

0.0074 

0.9509 

0.1404 

0.2400 

0.02 42 

0 .Ciu 3b 

6.0076 

6.9516 

0.1496 

0.2978 

0.0203 

C.C040 

0.C077 

1.0373 

0.1561 

0.3034 

0.0264 

0.CO4O 

0.0C79 

1.8361 

0.1S67 

0.3105 

0.O20S 

0.0041 

O.OO60 

1.1238 

0.1628 

0.3150 

O.oZbb 

0.0C41 

0.0002 

1.1246 

0.1627 

0.3212 

0.6307 

0.6043 

O.COb2 

1.2162 

0.1606 

0.3247 

0.3308 

0.'j243 

0.0084 

1.2111 

0.167b 

0.3298 

0-0329 

0 .0044 

C.OOS4 

1.2967 

0,1732 

0.3324 

0. 035 J 

0.0043 

0.0iib5 

1.2976 

0.1712 

0.3361 

0.6301 

0.0u4b 

o.foao 

1.3U31 

0,1761 

0.3373 

0.UJ42 

6.C044 

0.6086 

1*3641 

0.1733 

0.3399 

0.U373 

0 .0046 

0.660b 

1.469b 

0.1773 

0.3391 

O.0374 

u.u044 

6.608b 

1.4706 

0.1737 

0.3405 

0.0393 

0.0C4S 

0.0006 

1.4460 

0.1766 

0.3377 

0.039b 

O.OL'44 

O.ClObb 

1.5572 

0.1723 

0.3382 

0.0417 

0.U044 

O.OOSb 

1.6424 

0.1741 

C.3331 

0*0417 

0.0U43 

O.OOBS 

1.6437 

0.1693 

0.3328 

U.0..39 

0.C043 

C.0063 

1.72bV 

0*1696 

0.3254 

0.0439 

O.C .*42 

O.OObZ 

1.7302 

0.1644 

0.3243 

0.0.t6t 

0.0041 

O.OUrtO 

1.6143 

C.I633 

0.3144 

0«64bl 

0.0040 

C.0079 

1 .8167 

0.1578 

0.3127 

0.0403 

0.CO39 

0.007b 

1.9K16 

0.1551 

0.3002 

O.O.bi 

0.0038 

O.OU76 

1.9032 

0.1495 

0.2980 


0 *6037 

0.06 72 

1.9802 

0.1440 

0.2827 

0.03t3 

0.1)035 

6. oO 7 1 

1.9097 

0.1394 

0.2800 

0.0327 

0.6334 

O.CCbb 

2,0747 

0.1330 

0.261b 

0.O527 

0.0032 

0.6666 

2.0762 

0.1275 

0.2500 

0.0649 

0.0030 

0.0660 

2.I6II 

0.1190 

0,2373 

0.U549 

O.oli29 

0.0059 

2.1627 

0.1138 

0.2342 

0.0371 

O.OU2b 

6.66S3 

2.2475 

0.1030 

0.2093 

0.0571 

0.0J25 

0 .0052 

2.2492 

0.0982 

0.2861 

0.0?93 

0.0022 

0,6046 

2.4'34 0 

0.0850 

0.1774 

0.U593 

o.oizt 

0.0044 

2.3357 

0.0809 

0.1745 

0.ubl6 

C.0'j17 

6.003b 

2.4204 

0.0651 

0.141b 

O.Ob 1 5 

0.00 lb 

0.0035 

2.4222 

0.0617 

0.1390 

0.0037 

0.0 >11 

0.0026 

2.5069 

0.0430 

0.1016 

L.9637 

0.01.1U 

0.0025 

2.5088 

G.0405 

0.0996 

0 .OoSV 

0.0006 

0.0014 

2.59 3 3 

c.olua 

0.0573 

O . Lo59 

0.00C4 

0,6(114 

2.5953 

0.0175 

0.0561 

O.ObOl 

-Or.0002 

1 

O.OuOZ 

2.6790 

-0.0073 

0.0084 

u. 0681 

-0.0UU2 

0.8802 

2. 6618 

-0.0073 

0.0083 

KAOlUS (nbTl^nS) 

m 0.2701 

HAOtUS 

lINCdES) >10.9400 

HA01U5 iHbTbNSI 

B 0.2872 

HADIDS 

(INCHES) >11.3090 

CHUHtl iMbUHbl 

<■ O.ObSt 

thimo 

UNCHESl ' 2.6796 

CHorm (HE T bits) 

B 0.8681 

CHURO 

(INCHES! 

1 > 2.6810 

ZLbl. tnlTEHSI 

K 0,0374 

Z65L 

<TNCHESt X 1.4721 

ICbL IHbTbNSI 

B 0.6378 

ZCSL 

(INCHES] 

' « 1.4901 

VCSL (rtETtKM 

» 0.0040 

TCSL 

(INCHESI » O.IESS 

VLSL IHaUnSI 

B 0,0046 

TCSL 

(INCHES 1 > 0.1782 

HOb IHtTcKSl 

>0.000266 

66b 

(INCHESI > 0.0081 

Ntt (HtTtWSi 

>0.060207 

NLE 

(INCHES) > 0.0082 

Nib (HtTfcftS) 

>6.600204 

RTb 

IINCHESI » 0,0000 

Kit iHtrtNbl 

«0. 800204 

HIE 

(INCHES) > 0.0080 

X-iiNEA(l.> 

l.NLrErt6>=O.OOOI97 

X-aKEA 

ISU. IN. 

1 > 0.3CSI 

X-AKC-Atso 

.Htlbrti) 

>0.000204 

A-AREA 

(SO. IN.| 

1 e 0»3I5B 

GAnrtA-OHUKUIKAO, 

)« 0.4007 

GAHHA-CHDHOIUEG 

.)> 28.69 

gahha-chokoikao.) 

B 0.5243 

GAHRA-CHOftOtOEO, 

.1" 
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TABLE 11 (Continued) 


METERS INCHES 


zc 

YP 

rs 

ZC 

YP 

YS 

b.ii 

-0.0002 

0.0002 

0,0 

-0.0079 

0.0003 

0.<j(i22 

O.OOOA- 

0.0012 

0.0069 

0.0190 

0,0991 

b.OUA^ 

0.0009 

0.0022 

C.1720 

0.0393 

0.0875 

b.bli6& 

0.0019 

0.0031 

0.2592 

O.0531 

0.1228 

C.i>UtiS 

0.3<il6 

Q.0U39 

0,3966 

0.0706 

0.1553 

O.OltO 

0 .CC22 

0.0097 

0,9319 

O.OUbT 

0.1899 

0.0132 

0.0O26 

0.0039 

0.5163 

0.1013 

0.2119 

0 . Ol A 4 

0.0024 

.C06O 

0.6097 

0.1196 

0.2363 

(.Ol7o 

0.0032 

•006b 

o,69ir 

0.1266 

0.2501 

0-OlVT 

O.OCaS 

O.Q070 

0.7775 

0.1372 

0.2776 

U.<>/!19 

O.Cif>37 

C.3075 

0.0639 

0.1965 

0.2999 

0.03V1 

Q.C034 

0.0073 

0.96S3 

0.1595 

0.3090 

0.0203 

0.O091 

0.0032 

1 ,0367 

0.1613 

0.32)3 

0.02a:; 

0.0092 

0.00ts9 

1.1231 

0.1667 

0.3312 

O.oJOT 

0.0093 

Q.OOtib 

1.2095 

0.1709 

0.3389 

0.0320 

0.0U99 

0.0007 

1.2469 

0.1730 

0.3992 

J.03S1 

0 .0099 

O.OJUIJ 

1.3U22 

0.17S1 

0.396 9 

0.0a 73 

0 .E099 

O.CiODS 

1,9606 

0.1790 

0.396 5 

0.0393 

0.0099 

0.0067 

1.6550 

0.1729 

0.3933 

C.uAl/ 

0 .6093 

O.C006 

■1.6919 

0,1693 

0.3370 

0.0934 

0.0092 

0.0003 

1.7Z7Q 

0.1690 

0,3270 

0.0961 

0.0090 

0.C060 

1.6192 

0.1670 

0,3155 

0.09U3 

0.0O3O 

0 ,0076 

1,9006 

0.1909 

0.3001 

O.olOS 

O.OOis 

0.0072 

1.9070 

0.1360 

0.2817 

U.(>32f 

0.0032 

C .0066 

2,0739 

D.1260 

0.2600 

(I.U399 

0.(>029 

O.O060 

2.1548 

0.1122 

0.2350 

0.0371 

0.0023 

V .0062 

2,2962 

0.0960 

0,2066 

0.0342 

0.0u20 

0.0099 

2.3326 

0.07 95 

0,1796 

0.0619 

0.0'^ IS 

0.0 1,35 

2.9189 

0 .0605 

0.1390 

0.0636 

0.OU1O 

0.0026 

2.5053 

0.0397 

0.C996 

O.ObSu 

0 .£009 

O.COI9 

2.5417 

0.0171 

0.0560 

0.C660 

•'ftwVitCZ 

1 

0.0002 

2.0781 

■H3.i)07Z 

0.000 3 

KAUIUS IHETbRSt 

» 0.2963 

RADIUS 

(INCHES) -11.6670 

ChUKO (hETERS) 

• O.OboO 

CHORD 

(INCHES) » 2,6701 

ZCSU (METEKSI 

> 0.0306 

ICSL 

(INCHES) = 1.5159 

YCSL (HU Efts) 

> 0.0091 

VCSL 

( INCHES) X 0.1630 

KLt. (HEltKSI 

60,000207 

RLt 

(INCHES) X 0.0061 

RIE (MbTEKSI 

30.000269 

KTE 

(INCHES) X O.DOeO 

X-AB h A { SO.H r ) feH S) =0 ,0002 10 

X-AREA 

(SO. IN.I 

1 X 0.325i 


tArtMA-OHjKUlRAE5.)= 0.&636 (.AMHA-CHORDtOEE. 31.72 


METERS INCHES 


ZC 

YP 

VS 

2C 

YP 

VS 

0.0 

-O.C002 

0.0002 

0.0 

-0.0079 

0.0089 

0.0022 

0.0009 

0.0913 

0.0860 

O.OISS 

0.0521 

0.0899 

0.0010 

0,0029 

0.1721 

0.0377 

0.0933 

O.tObb 

O.L<ul5 

0.0033 

0.2581 

0.0579 

0.1309 

0.0.-8 7 

tr,C019 

0.OO92 

0.3992 

0.0766 

0.1653 

0.0K9 

0.0029 

0.0050 

0.9302 

0.093S 

0.1966 

0.0131 

0.6626 

O.Ut.57 

0.5163 

0.1099 

0.2251 

C.0153 

0.CO31 

O.Q069 

0.6023 

0.1236 

0.2506 

0.0175 

0,0635 

0.0069 

0.6889 

0,1363 

0.2735 

C.OlVf 

0.0037 

0,6675 

C .7799 

0,1975 

0.2936 

C.0219 

0 .8090 

0.8079 

0.8605 

0.1579 

0.3112 

C.0290 

0.CU92 

0.6083 

0.9965 

0.1658 

0.3262 

0 .8262 

0 .8399 

8.0086 

1.0325 

0.1729 

0.3387 

C.'.02<>9 

0.0095 

0.0089 

1.1106 

0.1785 

0.3986 

0.0366 

0.0096 

O. 8 O 4 O 

) .2096 

8. 1820 

0.3562 

0.0328 

(J.009 7 

0.0842 

1.2907 

0.1857 

0.3613 

0,0350 

0.0898 

0.0092 

1.3767 

0.1871 

0.3635 

0.0372 

0.00x7 

0,0842 

1.9628 

0.1B64 

0.3629 

0.0393 

D.D097 

0.0091 

1,5908 

0.1099 

0.3599 

0,8915 

O.C09b 

0.0090 

1.6399 

0.1012 

0.3529 

0.0937 

O.U'>95 

0,0607 

1.7209 

0.1768 

0.3933 

O.U9 54 

6.8093 

0.8009 

1.8078 

0.1686 

C.3307 

tl.1'901 

0.(i891 

o.oouo 

1.8930 

0.1597 

0.3196 

0 . 056 a 

0.6038 

0.0075 

1.9791 

0.1989 

0.2957 

0,8525 

0.0035 

0.0069 

2.0651 

0.1363 

0,2733 

O.C59C> 

0.0)3) 

u .0063 

2. 1511 

0.1218 

0.2973 

0.O568 

0.U027 

0.0055 

2*2372 

0.1059 

0.2)78 

0.U54<I 

0,0622 

0.0097 

2.3232 

0.0070 

0.1 899 

6 .O 0 I 2 

0.0017 

0,0037 

2,9893 

0.0666 

0.1970 

0.8639 

O.CiOll 

0.0027 

2.9953 

0.0991 

0.1059 

0.0656 

C.CuOS 

0.0115 

2.5819 

0,0199 

0.8693 

0.0678 

-0.8002 

0.C8Q2 

2.6679 

-0.0073 

0.0085 

Radius iriLTERsi 

X 0,3055 

RADIUS 

(INCHES! 

1 >12.0280 

CtiUHU (HET3KSI 

X 0.0678 

CHORD 

( INCHES! 

1 X 2.6679 

iCSL (MfcTtRS) 

X 8.0393 

ICSU 

(INCHES! 

X 1.5966 

rCSL (METhRS) 

X 8.0038 

vest 

(INCHES! 

1 X 0.1982 

RLE (HtTlKSI 

xO, 000207 

RLE 

(INCHES) X 0.0082 

RIE IHeTLRSI 

XO.CCO209 

KTE 

(INCHES! 

X 0.0080 

X-AREA(SU 

.HETERS)a0,000216 

X-AREA 

(SO. IN.! 

1 X 0.3395 


tiAHMA-C^UKLI(KAD.|a Q.tiuSl bAMMA-CHOKD(UEG.I>= 33.<i9 
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TABLE 11 (Continued) 


• heters 


2C 

Yt* 

VS 

0.0 

•>0.0002 

0.0002 

0.0022 

O.CCOS 

0.0015 

O.OliAA 

C.0012 

0.0C27 

C.0Q66 

0,001(1 

0*0030 

0.0067 

0.0024 

0.0040 

0.0109 

0.6039 

0.6057 

O.OIAt 

t>.OP3<0 

0.0066 

0.0X62 

0.(j03a 

0.0072 

0.0174 

0.6042 

0.0079 

0.0196 

0.0046 

0.001>4 

o.osie 

0 .0049 

0.0089 

0.1.239 

OiCuSl 

0.0094 

0.0261 

0.0054 

C.CP97 

0.0263 

0.00 S6 

0.0100 

0.>3U6 

0.0057 

U.D102 

U.0326 

0.0056 

0*0103 

O.D3-.6 

0.0050 

O.OIO 4 

0.037(1 

0 .6050 

0*0104 

C.0392 

o.oose 

0.C1O3 

0.0414 

0.0057 

O.lilOl 

(1.0436 

(1.0055 

0.CU9U 

0.0*.6T 

0.0063 

0.CO95 

0.O4YV 

0 *0050 

0.C091 

D.0601 

0.1047 

0.00B5 

(•.(.622 

0.CD43 

0*0 (^79 

0.0544 

C.(/039 

0.0072 

0.1(666 

0.0034 

0.0063 

Q.OStld 

C.C02B 

0 .0064 

0*0609 

0,0(i22 

0.0043 

0.06il 

0 *(rO 14 

O.tiC.31 

U.(‘6S3 

0.0007 

0.00X7 

0.0676 

“0,0002 

0.0002 


Radius iheursi > o.aiso 
CHUKO IHETEh&l » 0.0b7S 

ZCEt CMelbU&l a 0.0 a(j4 

vest. IRhTbtt&) « 0 . 00:16 

KLfc (HtTEHSt cO .000209 
Rib »O.OOOZ04 

X-AKEaI 60. HL1EKS>>0. 000222 
tiArlHA-CMUKDIIlAD.Ie C.627S 


INCHES 


zc 

YP 

YS 

0.0 

“0*007 4 

0.0089 

0.C857 

0.0205 

0.0586 

0.1714 

0.0469 

0.1059 

G.2571 
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APPENDIX F 


SYMBOLS AND DEFINITIONS 
area - meters^ (inches^) 

ratio of actural area to critical area (where Xocel 
Mach number is 1.0) 

a point on the suction surface of a blade halfway 
between the leading edge and the point from which a 
Mach wave emanates that meets the leading edge of 
the following biade 

rotor semi-chord at 75 percent of span from root 

aerodynamic chord along the flow surface - meters 
(inches) 

diffusion factor 
for rotor: 

= 1 - - n 

V'l (rx + r2)o- V’l 

for stator: 

, V4 ra Vp3 - r4 

- 1 - + 

V 3 (t 3 + r 4 > V 3 


DCA - double-circular-arc 

E - excitations per rotor revolution 

E - angle between rays drawn to a conical design 

surface: one ray to the leaning edge edge of an 
airfoil j the second to some points on the 
airfoil (see Appendix D) 

H - stagnation enthalpy 

ijn - incidence angle between inlet air direction and 

line tangent to blade mean camber line at 
leading edge, degrees 


A 

A/A* 


b 

c 

D 



PAtjIs. P40f 
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APPENDIX F (Cont’d) 


■sa 


K 

LE 

m 


M 

MCA 

N 

P 

P 

R 

RLE 

RTE 

r 

a 


T 


t 

TE 

U 

V 

w 

WA 


incidence angle between inlet air direction and 
line tangent to blade suction surface at leading 
edge, degrees 

- blockage factor, actual/effective flow area 
leading edge 

- unit length along meridional projection of 
streamline 

- Mach number 

“ multiple-circular-arc blade 
rotor speed, rpm 

" static pressure (psfa) 

- total or stagnation pressure (psfa) 

- distance from apex of design conical surface to 
point on blade - meters (inches) 

streamline radius of curvature - meters (inches) 

leading edge airfoil radius - meters (inches) 

trailing edge airfoil radius - meters (inches) 

radius - meters (inches) 

- blade spacing 
temperature 

- blade maximum thickness, meters (inches) 
trailing edge 

rotor tangential speed, m/sec (ft/sec) 

“ air velocity 

- weight flow 

- leading edge wedge angle 
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APPENDIX F (CorvL c) 


X conical 

— 

distance in unwrapped 'Conical plane 


- 

airfoil courdancie of pressure surface normal to 
chord line 

Ys 

- 

airfoil coordinate of suction surfce normal to 
chord line 

V 

Iccg 

- 

vertical distance to airfoil center of gravity from 
chord line 

Y 

~ 

length along calculation station 

^conical 

- 

distance normal to x conical 

Z 

- 

axial distance 

Z*ratio 

- 

shroud modulus/airfoil modulus 

2c 

- 

airfoil coordinate parallel to chord line 

2ccg 

- 

horizontal distance to airfoil center of gravity 
from leading edge along chord line 

iS 


absolute air angle = COT”^ (Vm/V^ ) 



_i 

relative air angle “ COT ^ 

<V’6) 


- 

metal angle, angle between tangent to mean camber 
line and meridional direction 

y 

- 

blade chord angle, angle between chord and axial 
direction 

8 “ 

- 

deviation angle - exit air angle minus metal angle 
at trailing edge 

€ 

- 

angle between tangent to streamline projected on 
meridional plane and axial direction 

e 


, (i^te ” ^le? 

cone angle = TAN ^ 

- 2ie) 
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APPENDIX F (Cont’d) 


adiabatic efficiency 
circumferential direction 

angle of calculation station measured from axial 

direction 

density 

angle on conical surface of revolution 
solidity or stress 

camber angle, difference between blade angles at 

leading and trailing edges on conical surface 

camber angle, difference between blade angles at 

leading and trailing edges on the unwrapped conical 
surface 

front camber angle, difference between blade angles 
at leading edge and MCA transition point on the 
unwrapped conical surface 

total amount of chord line twist displacement, 
degrees (radians) 

total pressure loss coefficient, 


y 



P'l - PI 


(stators) 

1*2 ~ P3 

Subscripts 


(rotors) 

T = Ratio Of Specific Heats 


average 

adiabatic 

refers to camber definition which include epse 
angle E 



APPENDIX F (Cont'd) 


front 

refers to fron;: camber definitions which include 

epse angle E 

inlet 

leading edge 

meridional (velocity); mean camber line (angle) 

profile (loss); polytropic (efficiency) 

suction surface 

shock 

transition 

trailing edge 

axial component 

station into rotor along leading edge 
station out of rotor along trailing edge 
station into stator along leading edge 
station out of stator along trailing edge 
Superscripts 
relative to rotor 
designates blade metal angle 
degrees of arc or temperature 
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